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An addend-,n to GAMD-8073 by W. E. Johnson. This section is broken

down into 5 parts as described below.

(A) -TCLAM--the generator code for TOIL, presents sample problem,

and instructions for usage.

(B) TOIL Equations--discusses the difference equations used in TOIL.

(C) Input for TOIL--describes the necessary data for using the

TOIL code.,

(D) Definition of Variables--defines the variables used in the

TOIL code. /

(E) TCLM and TOIL--Fortran listings, consists of the actual Fortran

-listings with an abundant sprinkling of comments. --

MARYLAND 2 At3E A BERDEEN PRIOVINQ 1 ----
"--:-". 

_"_,_ _ _ _ _ _ _ _
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A. TCLAM CODE

General Description

TCLAM is a numerical code that provides the initial configuration

and starting conditions for the TOIL code. This involves specifying the

dimensions for cach cell and the density, the two velocity components and

the specific internal energy.

Below, Fig. 1, is a sketch of a typical two-dimensional grid. We

display only a plane view, keeping in mind that each cell is really a solid

of revolution, symmetric about the Z axis. In the discussion to follow,

both X and R are referred to as the radial direction, and both Y and Z

refer to the axial direction.

1~~~1
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Fig. 1

i is the right boundary and j is the top boundary of cell K.
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in the first word of the TAB block for each package. Its values are as

follows :

iWS = 1 delete this triangle

advliWS = 2 generate this triangle

V iS = 3 delete this rectckage
iWS = 4 generate this rectangle

iws = 5 delete this circle or ellipse

iws = 6 gferate this circle or ellipse
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The next 6 words of this TAB block contain the coordinates of the

desired geometry. The next card contains the data for the density fit and

we store this data in the array (TABR). Next, read in the data for the

internal energy and store it in the TABI array. The last data card of each

package contains the input for the velocity fit, and this data is stored in

the TABUV array.

We then compute the boundaries of the specified geometry, and the

minimum and maximum i and j values for this geometry.

Next we subdivide all the cells in this package into N (the number of

particles per cell) equal area cells. The particles are placed at the center

of each sub-cell, where the volume of the sub-cell = 2g(XL)(DY/WS)(DX/WS)

where WS = (N9 and XL = the X value of the center of the sub-cell. Some

of the particles (N) may not be generated, however, for if the boundary of

the geometry passes through the cell, those particles that fall outside of

the boundary are deleted.

We assign a density, two velocity components and a specific internal

energy tr; each package. These may be any function of XL, YL or R where

XL = X coordinate of the particle N, YL = Y coordinate of particle N, and

R= (TTX2 + TTY2 )I- where TTX = XL - XC and TTY = YL - YC; XC and YC are

the coordinates of the origin of the radius vector R, they are inputed on

the first card of each package. The mass of each particle is the density

times the volme of the subdivision cell of cell K.

After processing all N particles foc cell K, we calculate the total

mass of cell K as
N

m
n=l

N N
the axial momenta as Vn m, the radial momenta as L U m and the

N n=l n n n=l n n

internal energy as E In m " In addition, the total energy and mass of all
n=lcells are summed up for the entire package.
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The normal units for TCLUM are as follows:

in = particle mass in grams

AMX = mass of cell K in grams for the (x) ,raterial

AMD = mass of cell K in grams for the (.) material
radial velocity in cm/shake (1 shake = 10-8 see)

V = axial velocity in cm/shake

AiX = specific internal energy in jerks/gram for (x) material (1 jerk

1016 ergs)

AiD = specific internal energy in jerks/gram for (.) material.

After all cells in this package have been processed, we read in

another package and proceed as before.

After all packages have been processed, we then convert the axial and

radial momenta of each cell K to an axial and radial velocity component. The

internal energy of cell K is converted to specific internal energy.

The output from CLAM (a binary tape. that can be read by the TOIL code)

consists of the cell dimensions, total number of cells in both directions, the

mass and two velocity components, the specific internal energy of each cell K

and other information required for the TOIL program.

The Fortran symbols and units are listed below:

APD = total mass in cell K (grams) for the (.) material

AMX = total mass in cell K (grains)for the (x) material

AiX = specific internal ene'gy in cell K (jerks/gram) for (x) material

AiD = specific internal energy in cell K (jerks/gram) for (.) material

U = radial velocity of cell K (cm/shake)

V = axial velocity of cell K (cm/shake)

X = dimension in cm of the right boundary of the cell

Y =dimension in cm of the top boundary of the cell

iMAX total number of cells in the X direction

jI.A1X = total number of cells itt ihe Y direction

kMAX (iMAX)(jMAX) + 1.

I
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For clarification, in generating data for the TOIL code, the creation

of particles is only a computational technique to give the proper density,

velocity and internal energy as specified. These pat'ticles are not saved

after they have been summed for the cell in question.

Below we list a complete description of the required input and format

for the TCLAM code.

INPUIT DESCRIPTION FOR TCLAM

An asterisk before the work signifies that the data is floating point;

otherwise it is fixed point data.

Card No. Column No. Description

1 2 - 72 Header card, any BCD information.

2 X 1 - 10 Contain the problem number.

* 11 - 20 iMAX, the number of cells in the X-direction

(maximum of 100).

* 21 - 30 jMAX, the number of cells in the Y-direction

(maximum of 100).

* 31 - 40 = 0.

• 41- 50 2.

51- 60 Blank.

• 61- 70 Blank.

71 - 72 N7 = binary tape number.

3 (2 number 3 cards is the minimum)

1 A (1) indicates that this is the last DX or

DY card to be read in.
A (0) indicates that there will be more DX
or DY cards.

2 A (0) indicates DX data.
A (1) indicates DY data.

t (1) indicates D data
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Card No. Column No. Description

3 - 4 Indicates the number of zones that will
have the same DX or" DY values that appear

in Columns 11 - 20.

5 - 6 Indicates the number of zones that will
have the same DX or DY values that appear
in Columns 21 - 30.

7 - 8 Indicates the number of zones that will
have the same DX or DY values that appear
in Columns 31 - 40.

9 - 10 Indicates the number of zones that will
have the same DX or DY values that appear
in Columns 41 - 50.

* 11 - 20 The value of DX or DY.

* 21 - 30 The value of DX or DY.

* 31 - 40 The value of DX or DY.

* 41 - 50 The value of DX or DY.

4* 1- 10 Blank.

* 1- 20 Blank.

* 21- 30 80.

* 31 - 40 Blank.

Now we begin leading the data to generate a package. The maximum

number of gomwtries that may be generated is 72; to increase the maximum re-

quires the changing of dimensions.

1 Load a I here.

2 A (1) implies that X material will be gene-
rated in this package.

A (O) implies that dot material will be
generated.

5 (N ), the number of particles per cell to
be generated, where 1 - N - 20. Note, the
unit digit in Column 7 the 10 digit in
Column 6, the 100 digit in Column 5.

. - - - -- ---------.---- -
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Card No. Column No. Description

11 - 20 YC Y coordinate for the origin of the

radius vector used'in the density, energy
and velocity fits.

* 21 -30 XC = X coordinate for the origin of the

radius vector used in the density, energy
and velocity fits.

* 31 - 40 A number (1 through 6) that specifies the

fit number or subroutine to use for this
package to calculate the density, velocities
and specific internal energy of the N

particles.

* 41 -70 Blank.

Following the first card of each package are five other types of cards.

1. Generate geometry (see options below).

2. Delete geometry (see options below).

3. A density card (only one per package).

4. An energy card (only one per package).

5. A velocity card (only one per package).

For cards (1) and (2), TCLAM has the following geometric options for

generating or deleting:

1. A rectangle A (4) in Column 1.

Columns 2 - 6 are blank.

A (1) in Column 7 means to generate this
rectangle.

A (0) in Column 7 means to delete this
rectangle.

• 11 - 20 Xl = the left X coordinate of this rectangle.

• 21 - 30 X2 = the right X coordinate of this rectangle.

* 31 - 40 Yl = the lower Y coordinate of this rectangle.

I 41 - 50 Y2 = the upper Y coordinate of this rectangle.

$-
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Card No. Column No. Description

2. A triangle A (6) in Column 1, Columns 2 - 6 are blank.

A (1) in Column 7 ieans to generate this
triangle.

A (0) in Column 7 means to delete this
triangle.

* 1- 20 X1

* 21 - 30 Y1

* 31 - 40 X2 NOTE: Vertices (1-3) can be

* 41 - 50 Y2 in any order.

* 51-60 X3

* 61 - 70 Y3

3. An e1lipse or circle A (41) in Columns (1-2), Columns 3 - 6
are blank.

A (1) in Column 7 means to generate this
ellipse or circle.

A (0) in Column 7 means to delete this
ellipse or circle.

* 11 - 20 The semi-axis in the X-direction if an
ellipse or the radius if for a circle.

* 21 - 30 The semi-axis in the Y-direction if an

ellipse or zero for a circle.

* 31 - 4o The X-coordinate of the center of ellipse
or circle.

* 41 - 50' The Y-coordinate of the center of ellipse
or circle.

Following the geometry cards are thc following data cards that refer

to all cells within this package:

Density card - a 51 in Columns (1-2).

Energy card a 52 In Columns (1-2).

Velocity card - a 53 in Columns (1-2).

NOTE: If in this package, the density or internal energy or velo-

cities will remain the same as t previous packagc, then a

51, 52, or 53 card is not requi ,



lO0

Card No. Column No. Description0

* 11 - 20

* 21 - 30
* 31 - 40 Contains the values to be used in the

* 41 - 50. analytical expressions for the density,
energy, and velocities.

* .51 - 60
* 61 - 70

This data is loaded into the following Fcrtran arrays;

TABR (1-6) The 6 constants available for the density fits.,
TABI (1-6) The 6 constants available for the internal energy fits.

TABUV (1-6) The 6 constants available for the two velocity
components.

Finally, the last card will have a 2 in Column 1, this signifies the

completion of loading all input cards into the TCLAM code.

SPECIAL SUBROUWNNES

There are six subroutines labeled FIT 1 - FIT 6, used to compute the

density, internal energy and velocities.

The standard input to these subroutines is as follows:

TY = Y coordinate of particle N.

TX = X coordinate of particle N.

The modified coordinates TTY and TTX are computed as follows:

TTY = Y coordinate = TY - YC (relative to YC)

TTX = X coordinate = TX - XC (relative to XC)

Note: YC and XC are the Y and X coordinate for the origin of
the radius vector used in the density, energy and velocity fits.

The standard output from these subroutines is as follows:

WSR - contains the density of particle N.

WST - contains the specific internal energy of particle N.

WSU - cuntains the radial velocity component for particle N.

WSV - contains thp axial velocity component for particle N.



1. FIT) 1 ( 2  2

is= (TTx 2 + TTY2 )

p A + B (y -C AR3]

WSR TABR(l) + TABR(2) ETTY - TB()

1.I IA +B (Y -C) T~()

WI TABiO.) + TABi(2) [TiTY - T~()

TBV1 A + B (y - C) -AU()

WSV -AU~l TABUV(2) [TTY- AU()

2. FIT 2

2 2
[R (X + )

( 2  2

WSR TX (T BR.l)i2 +TY-BRIO1 ]
I ts A + BX + CX 2 + DY + EY 2  x

LSI - TABi(l) +TABi(2)(TTX) + TABi(3)(TTX)

+ T~i()(ty)+ TABi(5)(1TY)2

U =C + DY1

WySU TABUV(3) + TABUVot) *.TTYJ

TAIV( A + BY IP 1
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3. FIT3 [ 2

R (X + Y
2 2I

( L'rTx + TTY 2

.4SR TABR(1) + TABR(2) [TTY - TABR(3)]

4;I A i BI

[SI = TABi(1) sin TTY 211
ITA~i(2)

WU=O~.j
: WSU = 0.

I- V = A + B (Y- C)

'SV = TABUV(1) + TABUV(2) ['rTY - TABUV(3)]

4. FITk- FIT 6

These are dummy subroutines. Any analytical expression for density,

energy and velocity may be programmed into these remaining subroutines by

following the prescribed formats.

EXAMPLE OF A CONFIGURATION

Example of the input required to use the TCLAM code to generate

*starting conditions for TOIL code.
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400 .. --

360 - - - -

320 , - --- -

280 .. .-D. .

240 D _-

,- Interface
200.- - between

-<-.ground
: and air

160 ----- --

120 -- "

80II
40 120 200 280

80 160 240 320

x

iMAX = 20

jMAX = 29

A hot source 60 cm from the ground
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We will assume the source to be of the same material as the ground,

and that the air be the other material.

The distribution of the hot source might be as follows:

/V

R

6 AX's of 10 cm

14 AX's of 20 cm

10 AY's of 20 cm

12 AY's of 10 cm

7 AY's of 20 cm

Package (1) generates a rectangle (the ground) from X= 0 to X2 = 340 cm

and from Y1 = 0 to Y2 = 200 cm

1 particle/cell and YC = 0 = XC (X material)

p = 1.97

I = 0 Use FIT 1

U=V=O

Package (2) generates a circle of radius 50 cm at X 0 and Y = 260 cm.

Generate 16 particles/cell and YC = 260 cm and XC = 0 (X material). Whe

analytical expressions for the p, V and I are as follows:

p = A + BR + CR2

R2

I = G + 11R + K

V-E+FR

To achieve the radial distribution for the 2 velocity components, we

will program a new FIT subroutine, say FIT 4:

D4
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WS =(TTX + A R

2 2WSR TABR(1) + TABR(2) WS + TABR(3) WS A + BR"+ CR =p (density)

2 2WSi = TABi(L) + TABi(2) WS + TABi(3) WS = G + HR + KR = I (energy)

WSA TABUV(l) = TABUV(2) WS E + FR

WSU = TTX [WSA1 _ [E + FR] U (radial velocity component)

WSV = TTY [WSA- [E + FR] = V (axial velocity component)
WS -

Package (3) generates a rectangle from Xl 0 to X2 340 cm and

for Yl = 200 to Y2 = 440 cm.

16 particles/cell and YC = XC = 0 (dot material)

p = lx lO-3

1= 0 Use FIT 1

U: V = 0

The values of the TABi, TABR and TABUV arrays are read in on the 51,

52, and 53 cards.

A card with a 2 in Column 1 completes the data for the TCLAM code.

A subroutine SETUP is available to generate the initial grid (by-

passes this generator code .TCLAM) if both the target and projectile are of

the same density. In addition, the projectile must be a right cylinder,

with all the AX's as constant, and all 6Y's constant.

OUTPUT FROM TCAM

The output, to be written on a binary tape, from the TCIAM code is

the entire Z block (defined below), all the cell quantities (the two velocity

components, the mass and internal energy), and the cell dimensions and areas.

In the case where it is a particle run, the r[rticles (their two coordinates

and mass) and the i and j of the cell where the paiticle is located)

are also put onto the binary tape.
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The normal system of units are the cm-g-shake, where the units of

energy are jerks/g and the pressure in units of jerks/cm3 (! jerk = 1016 ergs

and 1 shake = 10-8 sec).

The Z block or array contains the nuniber of cells, the number of

zones in both directions, and other necessary information to start the TOIL

code. Below is a complete list of the Z block generated, which is then

written on the binary output tape.

Z Eauiv. Units Description

1 PROB - Equals problem nunber, input to TCLAM.

2 CYCLE - Equals cycle number =0.

3 DT shake Set to C by TCLAM.

4 PRINTS - Set to 0 by TCLAM.

5 PRINTL - Set to 0 by TCLAM.

6 DUMPT7 - Set to 0 by TCLAM.

7 CSTOP - Set to 0 by TCLAM.

8 PIDY - Equals it = 3.1415927.

9 TMZ grams Total mass (x + .) generated by TCLAM.

10 GAM - If = 0. a cylindrical problem.

11 GAMD - Set to 0 by TCLAM.

12 GAMX - Set to by TCLAM.

13 ETH jerk Total energy in system.

14 FFA - Set to 0 by TCLAM.

15 FFB - Set to 0 by TCLAM..

16 TMDZ grams Total mass (.) generated by TCLAM.

17 TMXZ grams Total mass (X) generated by TCLAM.

18 MAX cm = X(iMAX).

19 TXMAX cm = 2.XMAX.

20 TYMAX cm = 2.YMAX (NOTE: YMAX is not in Z block).

21 AMDM grains = minimum mass/2. of the dot particles.

22 AMXM grams = minimum mass/2. of the X particles.

23 DNN - Set to 0 by TCLAM.

24 DMIN - Set to 0 by TCLAM.

25 FEF - Set to 0 by TCLAM.

26 DTNA - Set to 0 by TCLAM.
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Z Eouiv. Units Description

27 CVIS - Set to 0 by TCLAM.

28 NPR - Set equal to 6 in TCLAM.

29 NPRi - TCTJAM sets NPRi = N4 (check definition of

N);(Z(510) )

30 NC - Fixed value of cycle number, set to 0 by TCLAM.

31 NPC - Used as indices in TCLAM.

32 NRC - Used as indices in TCLAM.

33 iMAX - Input to TCLAM = maximum number of zones in
X direction for this run.

34 iMAXA Equal iMAX + 1.

35 jMAX Input to TCLAM = maximum number of zones in

Y direction for this run.

36 jVAXA - = jAX + 1.

37 KMAX - = (iMAX)(jMAX) + 1.

38 KMAXA - = KMAX + 1.

39 NMAX - = total number of particles + 1 that TCLAM
has generated.

40 ND = total number of dot particles + 1 that TCLAM
has generated.

41 KDT - Sct to 0 by TCLAM.

42 iXIMAX -= iMAXA + 1.

43 NOD - Used as index.

44 NOPR - Set equal to N3 (Note definition of N3(Z(53)).

45 NiMAX - Set to 0 by TCLAM.

46 NjMAX - Set to 0 by TCLAM.

47 il - Set to 0 by TCLAM.

48 i2 - Set to 0 by TCAM.

49 i3 - Set to 0 by TCLAM.

50 i4 - Set to 0 by TCLAM.

51 Ni - = scratch tape number.

52 iN2 - = scratch tape number.

53 N3 = number of particle records of length Ni - 1
that TCLAM has generated.

54 N = number of particle records + I to be stored
on each particle tape record.

55 N5 Set to 0 by TCLAM.
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Z Equiv. Units Description

56 N6 = number of particles on the last particle

tape record.

57 N7 - = binary tape designation number.

58 N8 - Set to 0 by TCLAM.

59 N9 - Set to 0 by TCLAM.

60 N1O - Set to 0 by TCLAM.

61 Nil - Set to 0 by TCLAM.

62 NTRM - Set to 0 by TCLAM.

63 TRAD - Set to 0 by TCLAM.

64 XNRG - Set to 0 by TCLAM.

65 SN - Set to 0 by TCLAM.

66 DXN - Set to 0 by TCLAM.

67 RADER - Set to 0 by TCLAM.

68 RADET - Set to 0 by TCLAM.
69 RADEB - Set to 0 by TCLAM.

70 DTRAD - Set to 0 by TCLAM.

71 REZFCT - Set to 0 by TCLAM.

72 RSTOP - Set to 0 by TCIAM.

73 SHELL - A counter that may be used to distinguish
between codes.

74 BBOUND - Set to 0 by TCLAM.

75 TOZONE - Set to 0 by TCIAM.

76 EDK - Set to 0 by TCLAM.

77 SBOUND - Set to 0 by TCLAM.

78 Xl - Set to 0 by TCLAM.

79 X2 - Set to 0 by TCLAM.

80 Yl - Set to 0 by TCLAM.

81 Y2 - Set to 0 by TCLAM.

82 CABLN - Set to 0 by TCLAM.

83 VISC - Set to 0 by TCLAM.

84 T - Set to 0 by TCLAM.

85 GAX - Set to 0 by TCLAM.

86 WSGD - Set to 0 by TCLAM.

87 WSGX - Set to 0 by TCLAM.
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Z Eouiv. Units Description

88 GMADR - Set to 0 by TCLAM.

89 GMAXR - Set to 0 by TCLAM.

90 SI - Set to 0 by TCLAM.

91 S2 - Set to 0 by TCLAM.

92 S3 - Set to 0 by TCLAM.

93 S4 - Set to 0 by TCLAM.

94 S5 - Set to 0 by TCLAM.

95 s6 - Set to 0 by TCLAM.

96 S7 - Set to 0 by TCLAM.

97 S8 - Used for storage of FIT number for each package
in TCLAM.

98 S9 - Set to 0 in TCLAM.

99 SIO - Set to 0 in TCLAM.

Z(100) through Z(150) is set to 0 by TCLAM.

The printed output from TCLAM is as follows:

1. The problem number, iMAX and jMAX.

2. A table of the values of X(i) from i = 1 to iMAX.

3. A table of the values of Y(j) from j 1 1 to jMAX.

4. A table of the values of DX(i) from i = 1 to iMAX.

5. A table of the values of DY(j) from j = 1 to jMAX.

6. A table of the area's (in the axial direction) from i = 1 to
iMAX.

7. Following this preliminary printout of the grid quantities we
have the following information printed out per package:

(a) The package numberend the number of particles per cell.

(b) The 6 constants for the density, energy and velocity fits.

(c) The type of geometry, generate or delete, followed by the
coordinates of the geometry.

(d) The minimum and maximum i and j values of the package
in question.

(e) The total number of particles, the type, and the total
energy and mass in this package.
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8. After all package information is edited, a statement will appear
as follows: "There are no more packages." The total energy of
the system is edited, followed by the total mass and particles.
A statement "Tape dump at time 0" appears next. This indicates
that the binary tape was written successfully.

9. An edit of each column of the occupied grid appears next. This
contains the X, DX for the column, and the Y, DY, U, V, AiD,
AiX, AMD and AMX as a function of j. This completes the printed
output from the TCLA14 code.
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B. TOIL

BASIC EQUATIONS

The Eulerian equations we wish to solve are the following:

(A) - +v (pu) = o.

(B) + v • (puu) 7 P

( pE
(C) - + V. (pEu) -v (Ps)

Equation (A) is -.he conservation of mass equation (B) is the conservation of

momentum, and (C) is the conservation of energy equation.

The seconi terms on the left side of Eqs. (B) and (C) are temporarily

dropped, Their -ontributions are later approximated when we move mass across

cell boundaries.

Rewriting Eqs. (A), (B), and (C) in cylindrical coordinates with axis
of 6ymmetry res,,Ats in Eqs. (1), (2), (3), and (4).

bp 6rpu pv

au ap (2)

(3)

bE arPu 6PvP =z (4)

P = f(pJI) Equation of State (5)

p = density of cell (K) in g/cm3 ,

r = r coordinate in cm,

z = z coordinate in cm,

u = radial component of velocity in cm/shake,
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v = axial component of velocity in cm/shake,

P = material pressure in jerks/cm
3,

E total specifi- energy in jerks/g,

specific internal energy in jerks/g (1 jerk 1  ergs), and
t = time in shakes (1 shake = O- 8 sec).

The five variables listed are all located at the center of the cell.

Rewriting Eq. (4):

L (u2  2 br.u 6Pv

P - r~r 6z

or

b! bu 6v P 3ur rbP bP 6vp +pu v r u r- - v -P -
6 4-- t T u--v--PF b7

but

bu 6P bv bP
P = - and p - T

thus

v urp =-P 1

z r

This is then, the internal energy equation that we will integrate in

the first phase of our calculations. As mentioned previously, the solution

to the three equations is completed in two steps. The first step (called

PH1 in TOIL), the momentum and energy equation as a function of the pressure

forces only, are solved. Then in the second step (called PH2) we approxirate

those transport terms (convective terms) that we omitted in the first phase

by transporting mass, momenta and energy across the cell boundaries.

In the discussion to follow, we approximate the partLal differential

equations by difference equations.

The radial momentum equation (2) becomes in difference form

u "Pi-3/2, J-!/2 - Pi+l/2, j-l/2
P ;-= 2 Ari
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and the axial momentum equation (3) becomes

bv P j-3/2, i-1/2 - P j+l/2, i-1/2

where the accelei'ation of a cell is only a function of its two neighbor cells

(not of itself).

Defining

PLn= i-3/2 i-i/2
2.

pn n
PRn _ i-1/2 +  i+l/2

n n
n. j-3/2 j-1/2

2.

n n
PAV P j-1/2 + Pj+l/2PABOVE=

2.

and substituting these interface pressures into the 2 momentum equations

results in

n At [PLn PRR
u Pn]
(i-1/2, j-l/2) u(i-1/2, j-,/2) Pn 6r

where

k = i-l/2, j-l/2

or

Au =2T At ri-1/2 DyJ [PLn . PRn]

and

n n

V -vkn At PBLO - PABOVE

k n f Az'i--vk
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Note ( r) pot n+l is designated for the new velocities, since these

changes are due to the pressure forces only.

a 6t(ri - _1)(PBLO PRBOVE)
Avk  AKk

and the change in specific internal energy becomes

r n+l/2 n+l/2
61 k "n Lvi-./2, j+1/2 - vi-1/ 2 , j-3/2
k t k 2AZ.

n+l/2 n+l/2 ri+/2 Ui+1/2; j4-1/2" ri-3/2 ui-3/2, j-1/2
+ 2ri~/ 6r.

The reason for the velocities at time n+1/2 is apparent for energy

conservation.

Defining

,U2u..1/2, j-1/2 2.

and

n
n1-/2 vi.1/2 ,j-l/2 +vi-1/2,j1/2
1i 1/2,j-1/2 - 2.

and

VBLO = vj-1/2_+ vj-3/2
2.

VABOVE = vj- 1/2 + vJ+/ 2

2.

where VBLO, VABOVE., UL and URR are calculated at time n and , and

L u 1-1/ 2 '-1/ 2 + ui-3/ 2 r,_ 3/ 2

2.
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and

URu i-1/2 'i-1/2 u +1/2 ri,/2
2.

then

rn n
S VBL0 +VBLO VABOVE + VABOVE

6 I- = 2AZ. 2.AZ.

UERn + -d O - UL"

i-1/2 Ar1

or

n At P11n
n i-i/2,j-]/2

i..1/2, -1 i-l/2,j-1/2 'A~gi-1/X.1nn
ii-l/2, j.../

LO + VBLO VAOVE + VABOE) Ti (2 r
! 2. 2.

+ - URR + U L n A

where again

k = i-1/2, j-1/2

The change in internal energy for the entire cell is

AQ=At (Vol) P [ + r -ru

The change in specific internal energy for each material is propor-

tional to the density of each material, or

Aix AQ 1
f M M

X

and
SAI = AQ 1

1 1-f M M
x +

{
J



26

where (x) and (.) refer to the two different materials and f is the factor'

to multiply times the volume of the total cell to calculate the volume

occupied by (x) material. The factor f is calculated from the equation

of state, where we iterate on the densities until the pressures of each

material are the same.

The solution of the momentum equations provide no difficulties, however,

the solution to the energy equation requires the velocities at two different

time steps.

We have chosen to make two passes through this routine, the first pass

to integrate the momentum equations, and formulate the interface velocities

(using the old velocities for their contributions to the work term) and the

second pass to bypass the momentum equations, and just compute the new inter-

face velocities -for their contribution to the work term.

Another choice might be to solve the equations in one pass through,

looking ahead two cells above and two cells to the right.

As an exanple, we will look at the energy conservation, say, in the

axial direction. The radial direction would be very similar.

Since we have dropped the transport terms, our integration of the

momentum and energy equations have not been advanced to time (n+l). As

customary, we designate the PHASE 1 velocities and energy as V, V and I.

J -1/2 '--1/2 .Y F- 2 y i /

j-1/2

and

lni/ !j-i/2 +[vn 12  -~

1 j1~ =n -/2 'jl2 ~ l22~jiJ

L!

where

n
nj-/ -/ j+l/2

j~l/12 nv
v..32 J-Z . -)r

ni
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Before entering P11l, where the quantities are at time n, the total

energy of the system (again, we are referring to the axial direction only)

is

MASMAX r 2
En = Zj MASS.-!/ LJ-l/2 + (vj -1/2)2]

j=l

and the total energy at the end of Phase 1 is then

jMAX
E = F MASS. i

cha-1ge -1/ En+ _l/)l

the total change being A E = - E should be equal to 0. for energy con-

servation.

j.IM ssAlX n n 2
j-1/ P.5 1j/2 -1/ + \d-1/2)-

the A kinetic terms can be represented by

[j-1/2 ~ j-1/21 [V n 1  - Vil2

or

1j~/2 -1/ /

or

A~ 7MAX X. - . . n -V

E =l M XX j-1/2 1 -/2_-/2 j-1/2 -1/2 (-1/2 - J-1/2)j=l -/ / J I,

MAX [ _ AJn / (_ij3/2 - v-+,/2

Jl j-1/2 n. 2Ay

/ (-1/2

tt A / Lj'l!2 J- 3/2)
J--1 n _l 2Ay i

J -

jIA MS
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1 .1/2 - 1/2 + j+ /2 1-/2

jMkAX

(A) At jr 2  2 lTTPn - p

j()i ) [-1/2 vJ.3/2 + 1-3/2 -1/2

-J+1/2 'j-1/2 " j-1/2 J+1/2

Thus the last two terms in j being cancelled by the first two terms

in j+l. Now by prescribing the proper boundary conditions, we will have

exact energy conservation for the entire grid.

EXAMPLE:

For j= 1

F, v + - P1/2 - /./2 -1/2 P Vl2  /2 V1l 2 " P/ 2 v3 / 2

j =2
P P- v 3 vd  /3/2 V1/2 1/2 3/2 2 32 3/2 5/2

j =3

P5/2 v3/27P 3/2 v5/4' P712  5/2 - P5/2 v7/2

Thus we have non-cancellation of the first two and last two terms.

For our first example, &ssume the bottom boundary is reflective.

Referring to Eq. (A) we have two terms that will not be cancelled as j

increases, these terms are

1/2 -1/2 + Pl/2 Vl2

We set the pressure of the mirror cell

(1/2) = P1/2

(which does not imply that Vl/2 = O.) Tle other condition which does lead

to these two terms cancelling is that Vl 1 2 = - V1 1 2 . A similar treatment

would be applied for the top boundary to be reflective.

I"3

%J
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NOW, however, if we assume that the bottom boundary is transmittive,

our boundary conditions are then that l/2 0 . which means that

P n 2n

-1/2 p3/2

The condition on the velocity is that v_1 /2 = V,/2  Now this leaves us

with the first twc terms P1/2 V1 / 2 + P3/2 v... This term then is adding

or subtracting energy to the system (depends on sign of velocity). To com-

pensate, or a better word to use might be to keep the books straight, we also

add this term to the quantity called Eth.

Eth is defined as the total energy at time = 0., less the energy lost

by mass leaving the grid + the energy added if negative interval energies

appear in the transport phase ± the energy loss or gain at the transmittive

boundary conditions in Pi1.

A similar prescription would apply for the top boundary being trans-

mittive. The con:servation of energy in the radial direction follows the same

logic and will net be repeated.

The term subtracted from Eth for the boundary at the right is

P(k) + P(cell to the left)2. U (kr._ , AtDY 0)2. (k -i ()

and the top is

P (k) +  (cell below) ,(r2. 2
2. V(k) T i ( r. l) At(.5)

and the bottom, if transmittive, is

P(k) P(cell above) (r 2 - 2 )At(5)
2. V(k) r i-1

and is ddded to ETH. K (in the above equations)refers to the border cell.

The left boundary (axis of symmetry) is always reflective, the bottom

may be reflective or transmittive and the top and right are always transmittive.

Rewriting Eq. (1), the mass transport equation in finite difference

form results in
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n+l n
p(k)- P(k) ri-i pi-i up-. p. 1i pj V(. At L + -iJ(6)

At r. Ari  ri Ari  z
12 1 WZ~

where v V
A z) z  A

j j-1

where AZ for all j =(r 2i)  2 and
= -(i r(i.l),an

Vk = volume of cell k = 2 r. , Ar z(j) (7)

multiply both sides of Eq. (7) by r. results in

V(k r. = 2ir i AZr Ar,

or
r

V ()r. = A. r,_ Ari (8)V(k) 1i  1r

where Ar area in the direction perpendicular to the Z axis. And similarly,

multiplying Eq. () by ri 1  results in

Vk ) r, 2tr AZ Ar

or V r. 1 = Ar()V (k ) ri-i i-_i ri-_, 6r, (9)

Solving Eqs. (8) and (9) for rij Ar. and substituting their values into

Eq. (6) results ia

n+l nO(k) - P(k) 1p .r p + r

At V(k) (Aj-ipj l J- 1  A pj j i iPilUi.- iAiPIU)

k k+l

_ Ax

Iii i
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The mass to move across i is between. i and ii where A i - ii;

thus A u t where Z is the weighted velocity at A. Using the first

two terms of the Taylor series at a distance of -A' from i, we expand

U(k) + U(k+l)u~i W 2.

or _)A +l' +U(k+l) - u ( k )

u 2. AX

or U(k) + U(k+l)

A -2.jt (u U(k+l ) - U(k)i At

~Ax

If U(,) + U(k+l)/2. > 0 use P(k); otherwise use P(k+l) in the

calculation of the mass flux. The density (p) is the total mass (x and dot)

over the volume of the cell.

Mass, both components of momentum, and the energy across all four

sides of the cell for both materials are calculated. By conserving both

axial and radial momentum and the total energy, the new velocities are

calculated and the new internal energy is then the difference between the

total and the kinetic. Thus, up to this point, we have calcaulted the mass

fluxes, now we must determine (for a mixed cell) how much of each material

to i,.ove. Three possible situations concerned with two materials arise.

1. Material moving from a non-mixed cell to a mixed cell. This

presents no difficulty or modification.

Example (non-mixed to mixed)

Mass flow Js from cell 1 to cell 2.

AM pUA At
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AMx = AM

AM =0

where p = density of x material in cell 1.

2. Material moving from a mixed cell to a non-mixed cell is calculated

as follows: The acceptor material from the donor cell is moved

to the acceptor cell. If the flux is such that this will more

than empty the acceptor material from the donor cell, the excess

is removed by assigning it to the other material.

Example (mixed to non-mixed)

i i

Mass flow is from cell 1 to cell 2.

11AM = U U A At where p is the total density of both materials
in cell 1 if AM > M1

AM = M1

and AMx = A M

if A4 M AM = AM

and AMx = 0

3. Material moving from a mixed cell to a mixed cell requires some

modification in order to keep the material interface defined in

a single mixed cell. The prescription of recipe if you like,

is that each material flux is weighted by the fraction of its

mass to total in the acceptor cell, rather than the donor cell.

Example (mixed to mixed)

1 2

x x

.. ..... o .....__ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _c
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Mass flow is from cell 1 to cell 2.

I1 AM = l A At, where P is the total density of both materials

in cell 1. Then

212
M2

xAMx  M 2 + M2 AM

X
and

M2

AM = -AM
M 2 + me

x

Note: The superscripts refer to zone number of the subscript

to material number.

Several techniques are available for calculating the specific internal

energy of a mixed cell.

The scheme as reported in the listings of TOIL is as follows. The

snecific internal energy for each material is proportional to the specific

total energy of that material (the tctal specific energy of the cell plus

that which is transported in less the amount transported out).

Ax x IYx 2.

=E EM 1 y1+ V

Where the (--) tilda refers to the velocitis and specific internal energy

after (Pill).

n+1l Al = = total mass of cell plus that which is transported in less
the amount transported out for the x material.

n+1
Mn = M = similar term for the dot material.

Then the new internal energy for the mixed cell. is

2NAE +AE - +I + V  (LMx + Am)•_ n n, ".
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Thus each material then has the following specific internal energy

in+l x
x AM AE + 6E.

x

AEn+l Q
AM AE + AE

x

Several other techniques are available.

(1) The change in specific internal energies being proportional to

the mass, or

AI M
X X

AT M

where AQ = change in internal energy either due to the ;ork

terms in P1l or the transport terms in PH2.

Then M AI + M AI AQx x
or M AQ

x
AI = I

x M + M2

and M 6Q

AI.
12 + M2
x

(2) The change in internal energy for each material to be the same

or M A M AI
Mxx

and
M AI + M AI AQ

or A_
x 2M

x

and
2M
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(3) The change in specific internal. energy for each material to

be the same

AI = AI
X

and
M AI +. M 61 6 Q

X X

or =

x m+M •A x
11 X e

;t
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C. NORMAL iU FOR THE TOIL CODE

An (*) designates that the work is fixed point (a 2 in Column 1)

although all words are loaded via card routine in floating format. (A **

double asterisk signifies this is last card of the set.)

1st Set--Column 1-3--contains N (the number of BCD cards to follow (format

13) N BOD cards.

2nd Set

LOC Name Description

*57 N7 Binary tape dump number.

**282 PK array PK(1) = problem number

PK(2) = cycle number to start problem
PK(3) = -1, for restart or starting from the

TCLAM tape
PK(3) = 0, starting problem at t = 0, via

subroutine SETUP.

3rd Set

LOC Name Description

14 FFA See usage as described in OIL report.

15 FFB See usage as described in OIL report.

24 DMIN 10-6 energy check AE/E/cycle.

25 FeF A .03, used in iteration routine for calculating
pressures in a mixed cell.

27 CVIS Bottom boundary condition. If < 0 transmittive
otherwise reflective.

*47 il Active grid counter in the i direction (= the
i value of the right most cell(that has internal

or kinetic energy)+ 2).

*48 i2 Similar to il but for the j direction.

4£
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LOC Name Description

*51 NI 20, the maximum number of iterations allowed
for calculating the pressure of a mixed zone.

77 SBOUND Same value as for OIL - 1.0.

71 REZFCT PH2 routine always vill check for the amount of
material (TO--NE)leaving the top or right
boundaries. It may trigger REZONE (sets REZ = 1.).
At the completion of PH2, if REZ = I. a further

Acheck is done, using REZFCT (if = 1.) code will
call the subroutine REZONE, otherwise it will
ignore the flag set in PH2.

75 TOZONE The mass flux at a interior free surface is set
to 0. unless the flux produces a density > TOZONE,
if so mass is allowed to move.

82 CABLN See usage as described in the OIL report.

86 GAIru4A (For dot material.

87 GA42A (For x material.)

105 Z(105) Fraction of stability for early times if the in-
itial energy is primarily internal, rather than
kinetic (- .05).

106 z(106) Factor to increase Z(105)/cycle to build up its
value to the normal value located in Z(139).

107 z(o7) xPmin Minimum density of x material allowed in
any cell.

108 z(108) Pmin Minimum density of . material allowed in
any cell.

11 Z(lll) Density of (.) material to add on to target for
REZONE (hypervelocity type calculations).

112 Z(112) Initial (Z component) projectile velocity in
cm/shake.

113 Z(1l3) e (epsilonics) for emptying the bottom cells of
the projectile up until the reflected shock
reaches the bottom surface of the projectile.

1-
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LOC Name Description

115 PO

1 6 P *

117 a The superscripts refer to the material. The
definitions and numerical values for different

118 a- material are the same as in the OIL report.

119 Eo

120 E'

b~x

121 b

122 b'

A~x
123 A

124 A'

125 VXS

126 v"
S

127 x  The superscripts refer to the material the de-
s finitions and numerical values for the different

128 E" materials are the same as in the OIL report.
5

129x

130

131 x

132 "

133 
Bx

134 B"

138 Z(138) Minimum density that a cell must have such that

a stability check will be performed on it.

139 Z(139) Fraction of stability (- .5).

143 Z(143) = minimum density of the dot (.) material al-
lowable to transport across a cell or to remain
in a cell (10-3 p*).
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LOC Name Description

144 z(144) = similar term for the x material.

145 Z(145) = C (epsilonics) on t.ie specific internal energy.
If Aix or AiD < Z(145), Aix or AiD is set to 0.
and the books are balanced.

146 z(146) =6 (epsilonics) on the 2 velocity component. If
Jul or jvJ < Z(146), u or v are set to O. and the
books are balanced.

148 C C = C + AP
0 ab0otn cnet C

149 A Where the units of C and A are lO5 cm/sec and
P is in megabars. CBe routine converts (C)
speed of sound to cm/shake.

150

**3 UP

4 PRINTS

5 PRINTL See usage and definitions as described ia the
OIL report.

6 DU4TMT7

7 CSTOP

If one uses the subroutine SETUP for generating the initial con-

figuration, the following data cards must be added to the 3rd set, and a

4th set must be added, usually duplicate the last card of the 3rd set.

Subroutine SF.UP implies certain restrictions as stated:

1. Constant DX and constant DY,

2. The projectile is a right circular cylinder,

3. The projectile has kinetic (Z component only) energy only.

I0c Name Description

285 PK(4) Set = 1.

286 PK(5) Right boundary of projectile (i).

287 PK(6) Bottom (j) + I of projectile.

288 PK(7) Top (j) of projectile.
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LOC Name Description

289 PK(8) = 1.

290 PK(9) Right (i) boundary of target.

291 PL(1O) Bottom (j) + 1 of target.

292 PK(11) Top (j) of target.

23389 DX(1) DX, to be used for all (i).

23489 DY(1) DY, to be used for all (j).

1 PROB The problem number.

*33 iMAX The maximum number of zones in the i direction.

*35 jMAX The maximum number of zones in the j direction.

SNOTE: (iMAX)(jMAX) must be < 4499.

*57 N7 The binary tape number.

IJ

I
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D. TOIL (Two MATERIAL)

No. of
Symbol Loc Words Units Description

AiD 5253 4500 jerks/g Specific internal energy in
jerks/g of cell K (for . material).

AiX 9753 4500 jerks/g Specific internal energy in
jerks/g of cell K (for X material).

AM 14253 130 many Equivalencel to DMASL in PH2 and
used for partial editing in EDIT.

AMD 14383 4500 grams Mass in grams of cell K for (.)
material.

AMDM 23 1 grams Not used in TOIL. Set = minimm
(.) particle mass/2. in TCAM.

AMK 267 15 many Used in EDIT, also equivalenced
to UR(16).

AM<X 18883 4500 grams Mass in grams of cell K for (X)
material.

AMXM 22 1 grams Not used in TOIL. Set = minimum
(X) particle mass/2. in TCLAM.

AREA 23383 1 - Not used.

B BOUND 74 1 - Not used.

BIG 23384 1 - Not used.

BOUNCE 23385 1 - Not used.

CABLN 82 1 Same definition as in OIL code.

CSTOP 7 1 Cycle number at which problem
will stop, edits and writes
dump tape.

CVIS 27 1 If -, bottom boundary is trans-
mittive, otherwise reflective.

4
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No. of
Symbol Loc Words Units Description

CYCLE 2 1 1 Cycle number.

DDVK 23387 1- Not used.

DDXN 23386 1 Not used.

DENRG 37539 130 jerks Equivalenced to iWl, used in PH2

transport array for (.) fluxes.

DKE 652 4500 Partial volume of (X) material in
a mixed cell, fraction of.

DMASL 14253 130 grams Equivalenced to AM, used in PH2
transport array for (.) left flux.

-6.DMIN 24 1 For energy check - 10 "

* DNN 23 1 - (ETH - E)/ETH at the last energy
check cycle.

DT 31 shkes n+l
DT 3 1 shakes At (hydro time step).

DTNA 26 1 shakes 6tn (old hydro time step).

DTRAD 0 1 shakes Not used in TOIL, reserved for
radiation, although calculated
in CDT.

DUMPT7 6 1 Frequency in cycles at which code

will make a binary tape dump.

DVK 23388 1 Not used.

DX 23389 100 cm DX(i) = X(i) - X(i - 1).

DXML 37264 130 g-cm- Equivalenced to XL in P112, contains
shake the (.)(X) component of momentum

at the left.

DXN 66 1 - Not used.

DY 23489 100 cm DY(j) = Y(j)- Y(J- 1).

DYML 36885 130 g-cm- Equivalenced to YL array in P112.
shake Contains Y component of momentum

at left for (.) material.

E 23589 1 jerks Used in REZONE as total energy
of new cell.
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No. of
Symbol Loc Words Units Description

ECK 76 1 Energy check =

ETln _ En ETHn - m_ ETH
n -m

ETHn ETiHnm
M

ETH 13 1 jerks Total energy of system less any
that leaves or adjustments at
transmittive grid boundaries.

FD 23590 1 - Not used.
1 1

FEF 25 1 - e factor in ES.

FFA lh 1 - Upper limit for stability and to
calculate At only if CABLN = 0.

FFB 15 1 Lower limit for stability and to
calculate At only if CABLN = 0.

FLEFT 252 100 grams Used in PH2 as X mass at left

boundary.

FS 23591 1 Used in PH1, PH2, independent
of each.

FX 23592 1 Not used.

GAM 10 1 Not used.

GAMC 452 1 many Equivalenced to PL of PR.

AM 11 1 - l./(7.-l.) Used for gamma law
equation of state.

GAMX 12 1 - l./(7X-1. ) Used for gamma law
equation of state.

GMIADR 88 1 - Y./(Y.-l) Calculated but not used.

C4MAX 85 1 - Maximum gamma.

GMAXR 89 1 - 7X/(7X-l.) Calculated, but not

used.

I 27531 1 Index in X direction.

II 37532 1 Working index, used in INPUP.
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No. of
Symbol Loc Words Units Description

IMAX 38 1 - Maximum fiumber of zones in the

X direction.

IMAXA 34 1 = iMAX + 1, never used.

IN 37533 - Not used.

IR 37534 1 Not used.

DIS 37535 1 Used as working storage in INPIT

and CDT.

IWSA 37536 1 Not used.

IWSB 37537 1 Not used.

IWSC 37538 1 Not used.

IWI 37539 130 many Equivalenced to DENRG.

IXMAX 42 1 - Calculated as iMAX = 2 in TCLAM,
never used. SETUP does not
calculate it.

IZ 7 150 many Fixed point. Block equivalenced
to Z.

Il 47 1 Active grid counter in X direction,
maximum value = iMAX.

12 48 1 Active grid counter in Y direction,
maximum value = jMAX.

13 49 i Not used.

14 50 1 Not used.

J 37669 1 Index in Y direction (temporary).

JMAX 35 1 Maximum number of zones in the
Y direction.

JNAXA 36 1 = jMAX + 1, never used.

JN 37670 1 Not used.

JP 37671 1 Not used.

JR 37672 1 Not used.
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No. of

Symbol Loc Words Units Dscription

'K 37673 1 Index of center of cell, defined
as = (j-i) iMAX + i + 1.

KDT 41 1 Flag in CDT_ to signal prirt re-
work DT has changed.

kMAX 37 1- (iVAX)(.jMAX) + i.

kMAXA 38 1 =kMAX + 1.

KN 37674 1 Not used.

KP 37675 1 Index in PH2 (temporary).

KR 37676 1 Not used.

KRM 37677 1 Not used.

L 37678 1 Index (temporary).

M 37679 1 Index (temporary).

MA 37680 1 Index (used in SETUP).

MB 37681 1 - Index (used in SETUP).

MC 37682 1 - Index (used in SETUP).

MD 37683 1 - Index (used in SETUP).

1E 37634 1- Index (used in SETUP).

MZ 37685 1 - Index (used in SETUP).

N 37686 1 Index (temporary).

NC 30 1 - Fixed point value of cycle number

ND 40 1 - Used temporarily in PH2.

NIMAX 45 1 = iMAX/2 calculated in REZONE.

NJMAX 46 1 = jMAX/2 calculated in REZONE.

N'K 37687 1 Index in EDIT.

KMKAX 37688 1 Not used.

NKl 37689 1 Index in EDIT.
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No. of
Symbol Loc Words Units Description

N MAX 39 1 Flag fo stability check in

radial direction (PIC or OIL).

NO 37690 1 Not used.

NOD 43 1 Not used.

NOPR 44 1 Not used.

NPC 31 1 Number of cycles between energy
checks.

NPR 28 1 Not used.

NPRi 29 . Not used.

NR 37691 1 Identification of routine when
a dump is called.

NRC 32 1 Used as flag for advancing active
grid counters in PH1 and P112.

NRM 62 1 For radiation option, is the
maximum number of radiation
cycles per hydro.

NI 51 1 - Maximum number of iterations for

mixed cell pressure.

N1O 60 1 - = i of zone controlling time step.

Nll 61 1 - = j of zone controlling time step.

N2 52 1 - Not used.

N3 53 Set = 0 in TCAM.

°iN4 54 Not used.

SN5 55 1Not used.

!IN6 56 1Not used.

N7 571 Binary tare number.

>N8 58 1 Not used.

N9 59 1 Not used.

I
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No. of

Symbol Loc Words Units Description

OUr 23593 1 - Not used.

P 23594 4500 jerks/ Pressure of cell K.
cm3

PABOVE 28094 1 jerks/ = [P(K) + P(cell above)]/2. PH1.
cm3

PBLO 28095 1 jerks/ = [P(K) + P(c(ll below)1/2. PHl.
cm3

PIDTS 28096 1 many = I./tAtAy in PIl; l./ittt in PH12.

PIDY 8 it.

PK 282 15 many Used for inputing starting data.

PL 452 200 many Used in Pill and PH2.

PPABOV 28097 1 - Not used.

PR 452 200 many Used in PHI and PH2.

PRINTL 5 1 cycles Number of cycles between long
prints.

PRINTS 4 1 cycles Number of cycles between short
prints.

PROB 1 1 Problem number.

PRR 28098 1 jerks/ = [P(K) + P(cell to right)]/2.
cm3  PHi.

PUL 28099 1 Not used.

QDT 28100 1 Not used.

QK 297 15 g-cm- Axial momentum in selected angles.
shake

QOOOFL 28107 1 Not used.

RADEB 69 1 Not used.

RADER* 67 1 G-cm- Total po%.tive radial momenta for
shake X material.

RADET 68 1 g-cm- Total positive axial momenta for
shake X material.

RC 28101 1 Cm = [X(i) + X(i-l)]/2. in Pill.
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-~ No. of
Symbol Loc Words Units Description

REZ 28102 1 If mass-leaves top, right or
bottom, REZ set > 0.

REZFCT 71 1 If REZ (trigger in PH2) > 0 and
REZFCT > 0 PH2 calls REZONE.

RHO 28103 1 Not used.

RL 28104 1 Not used.

RR 28105 1 cm = [X(i) + X(i+l)]/2. in PHi.

RSTOP 72 1 Not used.

SBOUND 77 1 Factor in velocity weighting P112.

SHELL 73 1 Not used.

SIG 28106 1 cm Minimum AX or AY in CDT routine.

* SIGC 551 100 many Used in PHI and PH2.

SN 65 1 - Not used.

SWITCH 28108 1 Not used.

S1 90 1 Not used.

SlO 99 1 Not used.

S2 91 1 Not used.

S3 92 1 Not used.

s4 93 1 Not used.

S5 94 1 Not used.

s6 95 1 Not used.

S7 96 1 Not used.

s8 97 1 Not used.

$9 98 1 - Not used.

T 84 1 shake t= t n - + At.
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No. of
Symbol Loc Words Units' Description

TAB 252 15 - Tangent bf 12 selected angles
(EDIT).

TABLM 28109 1 Not used.

TAU 2811o 100 cm2 TAU(i) = A(X- x2
:i 2 -

TAUDTS 28210 1 cm2- = TAU(i) * DT. (PH1)
shake

TAUDTX 28211 1 Not used.

THETA 652 4500 Equivalenced to DKE array.

TMDZ 16 1 grams = total (.) mass. (If TCLAM
generates the data.)

TMXZ 17 1 grams total (X) mass. (If TCLAM
generates the data.)

TNZ 9 1 grams Total mass (x +

TOZONE 75 1 g/cm 3  If mass flux (across free surface)
produces p < TOZONE, flux set

to 0. P112.

TRAD 63 1 shake Lt radiation (not used in this
version).

TXMAX 19 1 cm 2. k X(iMAX) never used.

TYMAX 20 1 cm 2. * Y(jMAX) never used.

.U 28212 4500 cm- Radial velocity component of
shake cell K.

bK 32712 1 Not used.

LIT, 252 200 many Arrays in PHI, PH2 of twice (jMAX).

UR 252 200 nany Arrays in PHI, P112 of twice (JMAX).

URR 32713 1 cm 2 - [U(K) Xi-1/2 + U(K+L) Xi+1/2]/2.
shake

LIT 32714 1 - Not used.

UPF2 32717 1 Not used.

UU 32715 1 Not used.
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No. of

Symbol Loc Words Units Description

UUU 32716 1 - Not used'.

UVMAX 32718 1 1/shake Minimum JUI or li /DX or DY.
CDT.

V 32719 4500 cm/shake Axial velocity component of
cell K.

VABOVE 37219 1 cm/shake = [V(K) + V(cell above)]/2.
PHI.

VBLO 37220 1 cm/shake = [V(K) + V(cell below)]/2.

PHI.

VEL 37221 1 Flag PHl, PH2.

VISC 83 1 Not used.

VK 37222 1 Not used.

VT 37223 1 - Not used.

VTEF 37224 1 cm/shake Initial pellet velocity (Z(112))
if generating via subroutine
SETUP.

V 37225 1 Not used.

WVABOV 37226 1 Not used.

VVBLO 37227 1 Not used.

WPS 37259 1 Working storage.

WS 37260 1 - Working storage.

WSA 37261 1 -Working storage.

WSB 37262 1 - Working storage.

WSC 37263 1 - Working storage.

WSGD 86 1 -.

WSGX 87 1 -X (input) ES atores .5 into it.

W2 37228 1 Not used.

W3 37258 1 Not used.

_______________
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X 152 100 cm X(i) = vight boundary of cell i.

XL 37264 130 - Used temporarily in EDIT and PH2.

XLF 32394 1 - Not used.

XMAX 18 1 cm X(iMAX).

XN 37395 1 - Not used.

XNRG 64 1 - Not used.

XR 37396 1 - Not used.

XX 151 101 cm XX(i) = X(i-]) not used.

Xl 78 1 Not used.

X2 79 1 Not used.

Y 5153 100 cm Y(j), the top dimension of cell K.

YAMC 351 100 many Used in PHI and PH2.

YL 37397 130 many Used temporarily in PH2 and EDIT.

YLW 37527 1 - Not used.

YN 37528 1 Not used.

YU 37529 1 - Not used.

YY 5152 101 cm YY(2) = Y(1) not used.

Yl 80 1 - Not used.

Y2 81 1 Not used.

Z 1 150 many Definitions have been made.

ZMAX 37530 1 Not used.
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Z BLOCK

Location Symbol Units Description

Z(1) PROB - Problem number (if positive, this is an OIL run;
if negative, this is a PIC run.

Z(2) CYCLE - Cycle number (floating point value).

Z(3) DT shake 1 t hydro = t n _ t n - 1 .

Z(4) PRINTS - Cycle frequency for short print.

Z(5) PRINTL - Cycle frequency for long print.

Z(6) DUMFT7 - Cycle frequency for binary tape dumps.

Z(7) CSTOP - Cycle number at which problem stops.

z(8) PIDY - = = 3.1415927.

Z(9) TMI grams Total (X + .) moss at t = 0 (calculated in
TCALM.

Z(10) GAM Not used.

Z(11) GAMD 1./ ..- l)
Computed in INPUT.

z(12) GAMX - l./(YX-1)

•Z(13) ETH jerks Total energy (computed in TCLAM for t = 0).
Changed in PHl at transmittive boundaries and
in PH2 if mass leaves the system, and by
radiation flow out of the system.

Z(14) FFA Upper limit for stability and to calculate
At, only if CABLN = 0.

Z(15) 1TB Lower limit for stability and to calculate
At, only if CABLN = 0.

z(16) TMDZ grams Total (.) mass (t = O) calculated in TCLAA.

Z(17) TMXZ grams Total (x) mass (t = O) calculated in TCLAM.

z(18) XMAX cm. X(iNIAX).
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Location Syvibol Units Description

Z(19) TXYOIX cm 2 (XMAX) t = 0. calculated in TCLAM.

Z(20) TYIAAX cm 2 (YMAX) t = 0. calculated in TCLAM.

Z(21) AMDM grams Minimum (.) particle mass/2.; calculated in
T-LAM.

Z(22) AMXM grains Minimum (X) particle mass/2.; calcalated in
TCLAM.

Z(23) DNN - (ETH - E)n- C/ETH.

Z(24) DMIN - IE (ECK). NOTE: Z(76) > DMIN, problem will
stop and the EDIT routine will call dump.

Z(25) FEF - .03 used in iteration routine for calculating
pressures for partial volume.

Z(26) DTNA shake An -1

Z(27) CVIS - If < 0, bottom boundary is transmittive; other-
wise reflective boundary.

Z(28) NPR - Index (working storage).

Z(29) NPRi - Index (working storage).

Z(30) NC - Cycle number in fixed point.

Z(31) NPC - Number of cycles between short prints.

Z(32) NPC - Index.

Z(33) iMAX Maximum number of zones in direction.

Z(33) iMAX - imux + 1i

Z(35) JMAX - Maximum number of zones in Z direction.

Z(36) jMAXA - jMAX + 1.

Z(37) kMAX - (iMAX)(jMAX) + .

z(38) kMAXA - WAX + 1.

Z(39) NMAX - Total number of particles + 1, generated in

TCLAM for PIC problem only.

_ I---- --- - -- - -_ _
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Location Symbol Units Description

Z(40) ND - Total number of (.) particles + 1 generated

in TCLAM.

z(41) KDT - Defined previously.

Z(42) IXAX - Not used.

Z(43) NOD - Index.

z(44) NOPR - Index.

Z(45) NIMAX - New iIAX before adding new zones.

z(46) NJIAX - New jMAX before adding new zones.

Z(47) Il - Defined previously.

z(48) 12 - Defined previously.

Z(49) 13 - Not used.

z(50) 14 - Not used.

Z(51) Nl - Maximum number of iterations allowed in ES
calculation of a mixed cell.

Z(52) N2 - Not used.

z(53) N3 - Not used.

Z(54) N4 - Not used.

Z(55) N5 - Not used.

Z(56) N6 - Not used.

Z(57) N7 - Not used.

z(58) N8 - Not used.

Z(59) N9 - Not used.

Z(60) NIO - = i value of zone that is controlling At,

Z(61) Nil - = j value of zone that is controlling At.

z(62) NIM - = maximum number of radiation cycles/hydro
(input number).

- - - ---~ --- - ~ [
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Location Symbol Units Description

Z(63) TRAD shake NR A At radiation = At hydro; not used in this
version.

Z(64) XNRG Not used.

Z(65) SN Not used.

z(66) DXN Not used.

Z(67) RADER g-cm- Total positive radial momentum (X only).
shake

z(68) PADZT g-.cm- Total positive axial momentum (X only).
shake

Z(69) RADEB - Not used.

Z(70) DTRAD - Not used.

Z(71) REZFCT - If = 0, PH2 will not trigger REZONE.

Z(72) RSTOP - Not used in continuous version.

Z(73) SHELL Not used.

Z(74) BBOUD - Not used in this version.

Z(75) TOZNE g/cm3  Minimum density for mass flow at free surface.

Z(76) ECK energy [(-ETH E n ETH" EnNPC1/check TH I /N C.

Z(77) SBOUND - Fraction of A in mass weighting velocity

EUL PH2- 1.0.

Z(78) X1 - Not used.

Z(79) X2 - Not used.

Z(80) Yl - Not used.

Z(81) Y2 - Not used.

Z(82) CABLN - Already defined.

z(83) VISc - Not used.

z(84) T shake Total time up to cycle N, tn = tn - l + At.

Z(85) GMAX - Maximum of yX or y.
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Location Symbol1  Units Description

z(86) WSGD - .

Z(87) WSGx - yX and (7MAX - 1) in CDT.

z(88) GMADR 7.1(. - 1).

z(89) GMA.XR - X/(YX - 1).

Z(90) S1 - Not used.

Z(gl) S2 - Not used.

Z(92) S3 - Not used.

Z(93) s4 - Not used.

Z(94) S5 - Not used.

Z(95) s6 - Nob used.

z(96) S7 - Not used.

Z(97) S8 - Used in TCLAM only.

Z(98) S9 - Not used.

Z(99) SIO - Not used.

Z(1O0) grams Mass thrown away (PI2) continuous transport,

Z(iO1) jerks Total energy thrown away.

Z(102) - Not used.

Z(103) - Not used.

Z(104) jerks Energy (internal) added to system when internal
is set to 0 if I < 0.

Z(105) yes Fraction of stability at early times.

z(l06) yes (I. + %) increase/cycle until Z(106) = Z(139).

Z(107) yes X mass cut off in PH2.

Z(108) yes . mass cut off in PH2.

Z(109) Not used.
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Location Symbol Units Description

Z(llO) - Not used.

Z(lll) g/cm 3  Initial density of material.

Z(112) cm- Initial velocity of pellet.
shake

Z(113) - Epsilonics for emptying pellet .01.

z(114) Not used.

Z(ll5) rx

z(116) •

Z(117) aX

z(l8) a

z(119) Ex

z(12o) E,

z(121) bx

z(122) b

Z(123) AX  For equation of state constants. Are the
same as in OIL report GAMD-5580.

Z(124) A

z(125) vx

s
Z(126) Vs

z(127) EX
s

z(128) E'
s

z(129) X

z(130.) a.

z(131) x

z(132) 0'

z(133) BX

Z(134)
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Location Symbol Units Description

Z(135) - Not used.

Z(136) Not used.

Z(137) - Not used.

Z(138) g/cm 3  Density check if p(K) < Z(138) stability
check for cell (K) is bypassed.

Z(139) - Percent of instability, used in CT if

CABLN < 0 .5.

Z(I4O) - Not used.

Z(141) - Not used.

Z(142) - Not used.

W143) g/cm3  Minimum (.) density in PH2- 0- 3 Po.
0

z(144) g/cm3  Minimum x) density in PH2- 10 - 3 Px.x

Z(145) jerk/g e on I in PH1, PH2 - 1O-9 .

-6z(146) cm- e on U or V in PHIl, PH2 - 10-

shake
Z(147) - j (of pellet-target interface) at t = 0.

Z(148) A 105 cm-
sec

Z(149) B _ C (speed of sound - A + BP where A C
zBand P is in megabars. 0

z(15o)
_____________ I
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E. TClA14 AND TOIL LISTINGS

C N0TEWtIE' FOLLOWING SET OF DIMENS AONP
AlCO!4:ON AND EQUIVALENiCE AR'E TO BE USED FOR ALL SUBROUJTINES
(I:- TCLAM I NPU0020

c U M EINPU0030

DIMENSION AIX(5000)t AID(5000)PAM(130)o
1AMX(5000)hAMD(500),DX(10)tENDD(2)tITAB(5

2)p

2IZ(10O)PRONE(2),TAB(502),TAL3I(2O),TABIY(21)PTA
8 R(2 0)t

3TAE3UV(20) ,TABX(21) ,TABY(21) ,TAU(10
0) ,TEMAPC13) p

4U(5000) oV(5000) DX(100) ,XL(130)t
5YL(130)pz(150)py(10O)tDY(lOO) 

IPO0

U IMENSION IWI10) 1W2(130) 
IP00

COMMON Z#XtTABPY
COMMON AID 'AIMAX tAIX eAJMAX PA1M PAMD INPU012O

*COMMON A14X tux PENDD vFMX PUGN VGXX INPUOI30

COMMON GYN 'GYX VI PIA rIB tlBA INf'U0140

COMMON I'3B #ID, PIG PHI PIIC uIj INpuolbO

*COMMON IR f1RC fIUV PIUVC PIWS uIWSA INPU0160

COMMON I$..SB PIX PIXN uIXX PIYN fIYX INPU0170

COMMON j #JA PJT rJTM PK KE INPU0180

COMMON KF PKK PL rLA PLB tLD INPU0190

COMMON LE PLI #LX IM #MI FMIJ INPU0200

COMMON Md 'MN PMNP eMX #MXA ?MXS INPU0210

COMMON4 M7_ 'NPKG tNPP PNT PNX PNY INPU0220

COMMON Q)OOFLPRHO PRONEPSLApSLB PTABI INPU0230

COMMON TABIY PTAOR PTABUV PTABX PTABY PTAM INPU0211O

COMMON TAU PTEMP PTFMX PTPIDY PTX PTY INPU0250

COMMON U P tvpIOy #WS PWSA oWS8 INPlUO260

COMMON Wsc ?;S WSE PWSF PW5G PWSI INPU0270

COMMO1N iL t*I~SU ,WSV FWSX Pwsy PWS5 114PU0280

COMMON XC PXL PTC PYL ,YMAX PWSR INPU0290

COMMON PE 'PM t-ITX PTTY ;LF PE INPU0300

COMMON PLE PwNPRR vNYY eDY PNK ,SWITCfi INPU0310

COMMON Iwi PIW2 INPU0,320

C 
IP00

C E 0 U I V A L E N C E I NPU0 410

C 
It-IPU 0420

ULuUIVALENCE (ZPI~tPROB)p (Z(2)PCYCLE)t (Z(3)?DT)t INPUO43Q

1(Z(LI)#PR1NTS)t (Z(5)PPRINTL)t (Z(6)FDUMPT7)t (Z(7)PCSTOP)p INPU044C

2(Z(8)#PIDY)' (Z(9)#TMZ)t (Z(1O)PGAM)p (Z(11)PGAMD)v INPU045C

S(Z(12)PGAMX)p (Z(13)PETH)p (Z(1'+)tFFA)p (Z(15)PFFB)P. INPU046(

4(Z(16)PTMD7 )p (Z(17)tTMXZ)t (Z(18),XMAX)P (Z(19),TXMAX)# L(NPU047

b(1A20)FTYMAX)t (Z(21)?At4OMt4) (Z(22),AMXM)P (Z(23.)#DN[4)t INPU041.(

b(Z(2L1)PDMIN)t (Z(25)tFEF)P (Z(?.b)PDTNA)i (Z(27)sCVIS)P Ir-PU049(

7(Z(28t)NPR)t (Z(29)tiNPRI)P (Z(30)tNC)e (Z(31):NPC)p Iipu~boc

58(Z(32)PNRC)p (Z(33)#IMAX)p (Z(34)PIMAXA)t CZ(35)PJMAX)e INO'U051

9(Z(36)tJMAXA)i (Z(37)#KMAX)p (Z(38)PKM~AXA)e (Z(39)PNMAX) INPU052

0 EQUIVALENCE (ZC40)tND)p CZ(41)tKOT)p (Z(42)PIXMAX)p INPU053

I(Z(43)PNOD)p (Z(44)tNOPR)t (Z(45)PNIMAX), (Z(46)PNJMAX)i INPU054

2(Z(47)b'Il)t (Z(48)tI2)t (Z(49)PI3)t (Z(50)P14)t INPU055

3(Z(51)#Nl)t (Z(52)tN2)' (Z(53)tN3)o (Z(54)iN4)t INPU056

'(L(55)tN5)t (Z(56)#N6)t (Z(57)PN7)t (Z(58)tN8)p INPU057

b(Z(59)oN9)t CZ(60)#1410)t (Z(61)#Nll)t QZ(62),PN4m)' INPUO5&

6(ZV63)PTRAD)P (Z(6'f)#XNRG)t (Z(65)tS-.)v (Z(66)PDXII)t INPU059

7(L(67)?RADER)t (L(8)'ADLT)t (L(69)PRADEB)r (Z(70)PDTRAD)p INPU060

B(Z(71)PREZFCT)' (Z(72)tRSTUP)t (Z(73)eSHELL)' (Z(74),BOUND)PINPUO61

9(Z(7b)rTOZONE)p (Z(76)PECK)' (Z(77)PSBOUND)t (Z(78)#Xl) IIIPU062

OEQUIVALENCE (L(79)tX2)r (L(80)?Y1)t (Z(81)PY2)t ItNPt063
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1(Z(82),CABLN), (Z(83)pVISC)t (Z(84)#T), (Z(85)tGMAX)t INPU0640
2(Z(86)tWSGD)p (Z(87)PWSGX)t (Z(88)pGMADR)y (Z(89)rGMAXR), INPU0650
3(Z(90?Sh1)t (Z(91)S2)? (Z(92)FS3)t (Z(93)pS4)t INPU0660
4(Z(9)P]S5)t (Z(95)tS6) (Z(96)tS7)t (Z(97]PS8)t INPU0670
5(Z(98)S9)t (Z(99)pSo) lNPU068O
EQUIVALENCE (ZtIZ)p(TABtlTAB)
DIMENSION PLOT(10)
DATA PLOT/3H X #ZHDOT,3HGEN,3HDEL/

CMAIN MAINO010
C L A M M A I N **** MAIN0020
C MAINOO30
C MAINO050

CALL SLITE (0) MAINO060
C INPUT ROUTINE CALCULATES THE ACTUAL GRIDt
C DIMENSIONS AND INDICES.

10 CALL INPUT MAINO070
C PHIP READS IN DATA CARDS FOR THE
C PACKAGES# PH2 CALCULATES THE GEOMETRICSt
C PH3 THE PARTICLES, PH4 CALLS THE
C 6 POSSIBLE FITS THAT CALCULATE THE
C DENSITY# VELOCITIES AND INTERNAL ENERGY
C OF THE PARTICLES.

20 CALL PH1 MAINOO80
C OUTPUT CALCULATES THE. VLLOCITY (BOTH
C RADIAL AND AXIAL) AND SPECIFIC INTERNAL
-c ENERGY OF EACH CELL FROM THE
C TOTAL MOMENTA AND INTERNAL
C ENERGY AND MASS OF EACH CELL.
C OUTPUT ALSO PREPARES A DUMP TAPE
C WHICH IS USED THEN TO START TOLL

30 CALL OUTPUT MAIN0090
CALL EXIT MAINO100
tiND MAINO1o
>U1ROUTINE I NiU I INPUO010

C -INPU0710
C
C ******* A 2 MATERIAL CLAM FOR THE TOIL CODE ************
C

C INPU0730
C INPU09110

MZ=150 INPU0960
C CLEAR Z BLOCK*-

DO 30 I=IPMZ INPU0970
30 Z(I)=OO INPUO9B0

C READ IN HEADING CARD INPU0990
READ (5#8012)IWS INPUI000
IWS= INPUIOO
WRITE (6,8012)(IWS) INPUI02o
WRITE (6P8100) INPUI030

C READ IN PROBLEM CONSTANTS INPU1040
.C PROB=PROBLEM NO. AIMAX=IMAX,
C AJMAX=JMAX QO000FL IS NOT USED-SET
C TO ZERO# SHELL SET=2,,SBvS9 ARE
1C ZERO, SET N7 TO=TAPE NO*

READ (5t8004)PROBAIMAXAJMAXtOO00FLSHELLS8pS9tN7 INPU1050
IF(N7)4It4O50 INl,1 060

40 N7=9
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50 CONTINUE 
IN "U1080

-c MAX, HUMBER OF ZON,,ES IN R DIRECTION*
1%11=100

C MAX. NUMBER OF Z0ONES IN Z DIRECTION,
MJ=100 

I NPU 1100

C MAX* N4UMBER OF PARTICLES/CELL. ou11
MNP=400 

IN4PUli2o

C SIZE OF TABLE (TAB) IPL2

JTM=500 
INPUI130

C MAXIMUM I*J INPU11'IO

C MAX, 1NUMBER OF CELLS*
60 MIJ=4999

C CALCULATE ADDlf IONAL INDICES FOR TCLAM

C AND TOIL,
70 IMAX=AiMAX 

INPU116O

JMAX=AJMAX 
INPUI170

IMAXZIMX+1I NPU 1190

IXMAX=IMAXA+1 
INPU110

JMAXA=JMAX+l 
INPUI200

KMAX (IMAX*,JMAX) +1 INPU 1220

KMAXA=KMAX+l 
NU12

WRITE (6,8048) (PI' BtIMAXrJMAX) INPUI230

CHECK INPUT NOS. ',ONCERNED WITH GRID SIZE.

101 IF(IMAX-MI)102tlO'
99O' 11PUI240

102 IF(JMAX-MJ)104l,C'P
99O2- INP1J125o

104 IF(KMAX-MIJ-1)1O( :106r9903 INPUI260

106 N0D1l 
INPU1270

NPC2. 
INPU1280

NRC=0 
INPU120

C READ IN DY AND OX 
TNPUI30o

1=0 
INPU131O

J=O 
INPUI3zo

X(l)=0.0 
INPUI330O

Y(J)=0.0 
INPU134o

2000 READ (5,8l02)IW8,IWSBN1,N2,N3tN4t(TEMP(K)K
1D4) INPU1350

L1lIPI6
C COUNT NO. OF DIFFIK-RENT DX OR DY.

IF(Nt02003t200lt200
3  IP17

2001 IF(N3)2004t200 2 ?.00 4  
I NPU 1380

2002 IF(N2)2006p200B'
2 O&6 INPUI390

2003 L=L+1 
NU10

2004 L=L+l 
INPU1410

2006 L=L+l 
INPUI420

K 2008 IF(IWS8)2010&'20l 0 r2O 3O NUI3

C PROCESS THE DX ANID DY VALUES.
2010 DO 2014 N1'tL 

INPU14I40

NKIZ(N+50)IIP15
0O 2012 K~lPNK 

INPU1460I I=1+1 
I NPU1 470

OX(I)=TEMP(N) 
IPI8

X(I)=X(I-1)+DX(I) 
INPUI49O

2012 CONTI1NUE 
I NPUI1500

2014 CONTINUE 
IPI1

GO TO 2050 
INP01520

C CALC THE Y AND DY VALUES T 1t 5:.3o

2030 DO 2034 N=IPL 
IMpUi14o

NK=IZ(N+50) 
I NPU 1550
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DO 2032 K=10NK INPU1560
J=+l 

INPU1570

DY(J)=TEMP(N) 
INPU1580

Y(J)=Y(J-1)+DY(J) INPU1590
2032 CONTINUE INPUI600
2034 CONTINUE 

INPU1610

2050 IF(IWSA)2052p2000p2052 
INPU1620

C IF(=) READ MORE DX OR DY DATA 
CARDS.

2052 IF(J-JMAX)9905p2053t9905 INPU1650
C CHECK INPUT NUMBERS.

2053 IF(I-IMAX)9906p2054p9906 INPU16'IO
2054 CONTINUE 

INPU1650

READ (5t8OO4)WStWSAPWSBPSWITCH INPU1660
[C N4=MAX9 NUMBER OF-PARTICLES-1 PER RECORD.

N4=WSH INPU1710
NPRI=N4 INPUI720
NPRR=N4 INPU1730
WRITE (6e8064)IMAX'(X(I)I=OpIMAX) INPU1740
WRITE (6p8065)JMAX (Y(J) J=0tJMAX) INPU1750
WS=3.1415927 INPU1760
WSA=O.0 INPUI770

!C CALCULATE THE AREA-S(TAU)=PI(R(I)**2-
mC R(I-1)**2).

DO 1008 I=lPIMAX INPU1780
WSB=WSA INPU179o
WSA=X(I)**2 INPU1800

1008 TAUII)=WS*(WSA-WSB) INPU1810
WRITE OUT XtYPDXIDY, AND TAU VALUES,
WRITE (6,8066)IMAX{(DX(I)I=1,IMAX) INPU1820
WRITE (6,8067)JMAX,(DY(I),I=1,JMAX) INPU1830WRITE (68092)(IMAXP(TAU(I),I=lIMAX)). INPUI840

1010 XMAX=X(IMAX) INPU1850
TXMAX=XMAX*2.0 INPU1860
YMAX=Y(JMAX) IP17

TYMAX=YMAX*2.0 INPU1880
PIDY IS REALLY PI(3.1415927). 

0

PIDY~wS;cD=H INPUI890

SET VELOCITIES. INTERNAL ENERGIES AND MASSES
TO O.
DO 1014 I=1,KMAXA INPU1910
UCI)=O.O INPU1920
V(I)=0.0 INPU1930
AIX(I)=0.0 INPU1940
AMXI)=0.O INPU1950
AID(I)=O,
AMD(I)=O,

1014 CONTINUE INPU1960
C SET TOTAL ENERGY TO ZERO.

ETH=O0 INPU1970
INITIALIZE MIN. MASS PARTICLE TO A LARGE NO.
AMDM=1*E+28 INPUI980
AMXM=AMDM INPU1990
GO TO 2016 INPU2000

ERROR INPU2010
Y), W' C IMAX GREATER THAN 100

9901 NK=101 INPU2020
GO TO 9999 INPU2030
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C YOU HAVE JMAX GREATER THAN 100
.9902 NK=102 INPU2040

GO TO 9999 INPU2050
C YOU HAVE TRIED TO GENERATE MORE THAN
F4999 CELLS,
9903 NK=104 INPU2060

GO TO 9999 INPU2070
C JMAX DOES NOT EQUAL THE SUM OF THE INPUT J INPU2080
9905 NK=2052 INPU2010

0GO TO 9999 INPU2100

C IMAX DOES NOT EQUAL THE SUM OF THE INPUT I INPU2110
-9906 NK=2053 INPU2120
9999 WRITE (6p8888)NKIPJPKLtMN INPU2130

PRINT 8888vNKItJK#LpM#N INPU2140
CALL DUMP INPU2150

2016 RETURN INPU2160
C FORMATS INPU217o

8004 FORMAT(7EIOo5pI2) INPU2180
8012OFORMAT (Il#71HTHIU IS THE CLAM PROGRAM AND THERE IS AN ERROR, INPU2190

1 I 1NPU2200
8048 FORMAT(1H /9H PROD NOF93t12Xp2HI=I2,26Xt2HJ=I2) INPU2210

:8064 FORMAT(IH /10H X(I) I=0,I2/(5F166)') INPU2220

8065 FORMAT(1H /10H Y(J) J=0OI2/(5F16,6)) INPU223o
8066 FORMAT(1H /11H DX(I) I=1,12/(5F16,6)) INPU2240

-8067 FORMAT(1H /11H DY(J) J=l,12/(5FI6,6)) INPU2250
8092 FORMAT(1H /13H AREA(I) I=1,I2/(5F16.6)) INPU2260
8100 FORMAT(1H /14H (TOIL INPUT))
8102 FORMAT(2Ilv4I2,4ElO,4) INPU2280
8888 FORMAT(1H+/26H1 INPUT ERROR IN STATEMENTX5p12X#12H INDICES ARE617)IPU2290

END INPU2300
SUBROUTINE PHI PHI 0010

C INPU01710
C
C * **** A 2 MATERIAL CLAM FOR THE TOIL CODE ***********
C
C READ IN GEOMETRY ETC. PHI 0960

NPP=7 PHi 0980
NPR=NPP-1 PHI 0990
TPIDY=PIDY*2.0 PHI 1000
ND=O PHI 1010
NX=O PHi 1020
NT=1 PIll 1030
fNYY=I PH1I 1040

C FIRST CARD OF EACH PACKAGE.
READ (5,8008)IXPLXMXTEMP(1),TEMP(2),TEMP(3) PHI 1050

C INITIALIZE',THE NUMBER OF PACKAGES TO 0.
NPKG=O PHI 1060

2015 IF(IX-1)9901,2018p2018 PHi 1070
2016 IX=I PH1 1080
S LX=L PH1 11390

MX=M Pill 1100
C IF THERE ARE NO MORE PACKAGES GO COMPUTE TOTAL VALUES PHI 1110
C THE LAST CARD HAS A 2 PUNCH IN COL 1.

2017 IF(IX-2)2018,7000,9902 PHi 112o
2018 J=O PHI 1:130

NPKG=NPKG+l PHI 1lL4o
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C SET PACKAGE MASS AND ENERGY TO 0.
PE=OO PHi 1150
PM=O0 PHi 1160

C ORIGIN FOR THE RADIUS VECTORS TO BE USED
-C FOR THE FIT ROUTINES(l THRU 6).

YC=TEMP(1) PHI 1170
XC=TEMP(2) PHI 1180

C S8 CONTAINS THE FIT NUMBER FOR THE
C PACKAGE IN QUESTION,

S8=TEMP(3) PHI 1190
WRITE (6t8100)(NPKGvMX) PHI 1200

C NOW READ IN THE GEOMETRY AND DENSITYP
C ENERGY AND VELOCITY CARDS.
2020 READ (5,8008)ItLMp(TEMP(N)rN=I,6) PHi 1210

IWS=1 PHI 1220
IF(I-5)2021,2040t2022 PHI 1230

C IF=, THIS IS A RHOP VELOCITY OR ENERGY CARD,
C IF LESSt YOU HAVE READ ALL CARDS FOR THIS
C PACKAGE INt PLUS THE FIRST CARD FROM THE
C NEXT PACKAGE.
2021 IF(I-3)2060o9903t2026 PHI 1240.

C IF GREATERP EITHER A TRIANGLE OR PERTURBED ELLIPSE.
:2022 IF(L)9904v2030,2024 PHi 1250
C A PERTURBED ELLIPSE,
2024 IWS=7 PHi 1260

• GO TO 2030 PHi 1270
2026 IWS=3 PHi 1280
2027 IF(L)9905,2030,2028 PHi 1290
2028 IWS=5 PHi 1300

C A TRIANuLE.
2030 IF(M)9906P2034#2032 PHi 1310

C IF=, DELETE THIS GEOMETRY.
2032 IWS=IWS+i PHI 1320
2034 J=J+l PHi 1330
C TAB STORAGE CONTAINS THE COORDINATES OF
C* GEOMETRY°

ITAB(J)=IWS PHI 1340
DO 2036 N=lNPR PHI 1350
J=,J+l PHi 1360

2036 TAB(J)=TE'AP(N) PHI 1370
GO TO 2020 PHi 1380

C ONE ONLY RHOtIPU OR V ALLOWED PER PACKAGE PHI 1390
C IF=p THIS IS A DENSITY CARD.
2040 IF(L-i)9907r2046p2042 PHi 1400

C IF GREATERP EITHER A VELOCITY OR ENERGY CARD,
2042 IF(L-3)2052p2058p9908 PHI 1410

C IF=# THIS'IS A VELOCITY CARD# IF LESS, THIS IS A
C ENERGY CARDo
C DENSITY PHI 1420
2046 DO 2048 N=1'6 PHi 1430
2048 TABR(N)=TEMP(N) PHI 1440

GO TO 2020 PHi 1450
C ENERGY PHI 1460
'2052 00 2054 N=1#6 PHI 1470
2054 TABI(N)=TEMP(N) PHi 1480

GO TO 2020 PHI 1490
C VELOCITY (U AND V) PHI 1500
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2058 DO 2059 N=lP6 PHI 1510
.2059 Tih0UV(N)=TEMP(N) PHI 1520

GO TO 2020 PHI 1530
C OUTPUT DENSITYP ENERGY, AND VELOCITY PARAMETERS PHI 151w
c ALL CARDS FOR THIS PACKAGE HAVE
2 BEEN READ IN12060 IF(J-JTM)2070,2070;9915 Pi 155o
2070 WRITE {6v8036)(TAtR(II)tII=Ip6) PHI 1560

WRITE (6t8038)(TA,I(II)rII=l16) PHI 1570
WRITE (6p8040)(TAbUV(II)pII=lr6) PHI 1580

C COMPUTE BOUNDARIES OF GEOMETRIES FOR EFFICIENCY IN PHi 1590
C GENERATING OR DELETING PARTICLES PHi 1600
3000 CALL PH2 PHI 1610

C COMPUTE I(0),I(N)vJ(0) AND J(N)rFROM PREVIOUSLY PHI 1620
C COMPUTEfr VALUESFOR UPPER AND LOWER LIMITS IN PHi 1630
C THE CELl. MESH SCAN PHi 1640

r IXN=MINIMUM (I) 0;: GEOMETRY OF PACKAGE
C IYN=MINIMUM (J) 0: GEOMETRY OF PACKAGE
C IXX=MAXIMUM (I) O, GEOMETRY OF PACKAGE
C IYX=MAXIMUM (J) OF GEOMETRY OF PACKAGE
3001 IXN=i PHI 1650

IXX=1 PHI 1660
IWS=IMAX-I PHi 1670

3800 IF(IWS)9929t3820,7801 PHI 1680
3801 DO 3808 N=lPIWS PHi 1690

IF(X(N)-GXN)3802,304t380I PHi 1700
3802 IXN=IXN+i PHI 1710
38011 IF(X(N)-GXX)3806r.-306p3808 PHI 1720
3806 IXX=IXX+l PHI 1730
3808 CONTINUE PHI 1740

IF(IXN)3812o3812,.. 814 PHI 1750
3812 IXN:I PHI 1760
3814 IF(IMAX-IXX)3816,-818,3818 PHi 1770
3816 IXX:IMAX PHI 1780
3818 IF(IXN-'IXX)3820,S320,9930 PHI 179o
3820 IYN:I PHI 1800

IYX=i PHi 1810
IWS:JMAX-1 PHI 1820

3821 IF(IWS)9929,383t,3822 PHi 1830
3822 DO 3813 N=19IWS PHi 1840
3823 IF(Y(N)-GYN)3819#s817v3817 PHi 1850
3819 IYN=IYN+i PH1 1860
3817 IF(Y(N)-GYX)38I5,-'815t3813 PH1 1870
3815 IYX=IYX+1 PHI 1880
3813 CONTINUE PHI 1890

IF(IYN)38293824 ,826 PHI 1900
3824 IYN=I PHI 1910
3826 IF(JMAX-TYX)3828,3830P3830 PHi 1920
3828 IYX=JMAX PHI 1930
3830 IF(IYN-IYX)3834,3b3I,9931 PHI 1940

'3834 WRITE (6t8044)IXNPIYNIXXPIYX PHi 1950
C SCAN CELL MESH TO DETERMINE IF PARTICLES ARE TO BE PHI 1960
C GENERATED OR DELETED PHi 1970
C GENERATE PARTICLES PHi 1980
4000 CALL PH3 PHI 1990

C REARRANGE XY AND M FOR PARTICLES IF NECESSARY PHi 2000
6011 LA=NY-NT PHi 2010



66

IF(LX)9947t6020p6022 PH1 202o
- 6020 NDZND+LA PHI 2030

GO TO 6024 PHI 2040
6022 NX=NX+LA PHI 2050
6024 NT=NY PHI 2060

ETH=ETH+PE PHI 2070
WS=PLOT(i)

6026 IF(LX)9933,602ap6o30 PHi 2100
6028 WS=PLQT(2)
6030 WRITE (6,8501)LAWSPEPM PHI 2130

C GO REAl) IN NEXT PACKAGE PHI 2140
6050 GO TO 2016 PHI 2150
7000 NMAY=NT PHI 2160

C NMAX=MAX# NUMBER OF PARTICLES+i.
C YOU HAVE PROCESSED ALL PACKAGESP ALL
C PARTICLES, NOW GO TO THE OUTPUT*

IF(AM(2))405140'30,4051 PHi 2170
4050 N3=NRC PHi 2180

GO TO 4060 PHi 2190
4051 NRC=NRC+1 PHI 2200

N3=NRC PHI 2210
C N3=NO, OF PARTICLE RECORDS OF
'C N4 WORDS.
4060 N6=NMAX-(N4-1)*(N3-1) PHi 2240

NOPR=N3 PHI 2250
* GO TO 10000 PHI 2270
C ERROR PHI 2280
9901 NK=2015 PHI 2290

Go TO 9999 PHI 2300
9902 NK=2017 PHI 2310

GO TO 9999 PHi 2320
9903 NK=2021 PHI 2330

GO TO 9999 PHI 2340
9904 NK=2022 PHI 2350

GO TO 9999 PHI 2360
9905 NK=2027 PHI 2370

GO TO 9999 PHI 2380
9906 NK=2030 PHI 2390

GO TO 9999 PHI 2400
9907 NK=2040 PH1I 2410

GO TO 9999 PHI 2420
9908 NK=2042 PHI 2430

GO TO 9999 PHI 2440
9915 NK=2060 PHI 2450

GO TO 9999 PHI 2460
9929 NK 3800 PHI 2470

GO TO 9999 PHI 2480
9930 NK=3818 PHI 2490

GO TO 9999 PHi 2500
9931 NK=3830 PHI 2510

GO TO 9999 Pill 2520
9933 NK=6026 PHi 2530

GO TO 9999 PHI 2540
9947 NK=6011 PHI 2550
9999 WRITE (6t8888)NK PHi 2560

PRINT 8888,NK PHi 2570
CALL UUMP PHI 2580

. . . . , - - _ .

=4
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10000 RETURN PHI 2590
-CFORMATS PHI 2600.8008 FORM1AT (2I1tI5pE13o5p5E10*5) PHi 2610

8036 FORf4AT(1H07Xp8HDENSITY 9Xp1P6E16o6) PHi 2620
.8038 FORMAT(iHO7X,8HENERGY 9Xi1P6EI6o6) PHI 2630
804+0 FORMiAT(iHo7Xe8HVa:LOCITY9Xr1P6E16.6/IHO/) PHI 264+0
80441 FORMAT(1H- /6H I(1)=I2,4X,5HJ(1)=I2,4X,5HI(N)=I2,1+X,5HJ(N =I2) PHI 2650
81OOOFORMAT(il-I///12HLPACKAGE viO*I3rI20p15H PARTICLES/CELL//33Xp2HA1i4XPHI 2660

l,2HA211+X,2HA3114X,2HA11X2HA514X,2HA6) PHI 2670
85OiOFORMAT(iHO/I28#21i (A3#i1H) PART iCLES22Xr4HPE =1PE12.6p16X,4HPM =EiPHI 2680

1o) PHI 2690

8888 FOR1MAT(23H1PH1 ERROR IN STATEMENTI5) PI20
END PHi 2710
SUBROUTINE PH?. PH2 0010

C ****A 2 MATERIAL CLAM FOR THE TOIL CODE *******

CALCULATE THE PACKAGE CE0M TRIES PH?. 07020
C P204
C PH2 0950
C PH2 0960
C GENERATING OR DELETING PARTICLES PH2 0970

cc JZVALUE OF LAST COORDINATE READ IN.
,JT=J PH2 0980

C INITIALIZE OUTER 3OUNDARIES9
GAN'XMAX PH2 0990
GYN=YMAX P210
GXX~o.0 PH?. 1010
GYk=0.0 PH2 1020

C NPP=7(SET IN PHi),
DO 3700 J~i'JTPNPP) PH2 1030

C IWS STORED TN ITA~3 ARRAY IN PHI..
C IF IWS=2(A 1RIAN0LE)rIF=1+(A RECTANGLE),
C IF=6tA ELLIPSE Oil CIRCLE. IF IWS=8pA
C PERTURBED ELLIPSE, IF IWS IS LESS THAN
C THESE VALUES# THE DEFI1NITION STILL HOLDSP BUT
C NOW DELETE'TIS CEEOMETRY.

KK=(ITAB(J)-.)/ PH2 10110
3007 IF(KK)9919v3010p3008 PH12 1050
3008 IF(KK-2)310,3200t3009 P216
3009 IF(KK-1+)3100u9920,9920 13H2 1070
C TRIANGLE PH2 1080
C VERTICES CAN BE INPUTED IN ANY ORDERP
C X COORDINATE FIRST.
C SEARCH FOR THE LARGEST X(WSE) AND
C SMALLEST X(WSO)o
C FIND MAXIMUr4(WSE) AND MINIMUM(WSD) X COORDINATE PIH2 1090
3010 IF(TAB(J+I)-TAf3(J+3) )301IPe30i2t3013 PH11-1 1100
3011 WSE=TAB(J+3) PH2 1110

WSD=TAB (J+I.) PH?. 1120
GO TO 3014+ 1 1-1 1130

3012 TAB +1)TAB(J+)*.,000000i+..OE-8 PH?. iI.1+
3013 WSE=TAB(J+i) PH?. 115C

ySD=TAB(tJ+3) PH?. 116Q
3014+ IF(TAB(J+5)-WiSD)3020,3019t3016 PH2a 117c
3016 IF(TA8(J+5)-WSE)3021+,3017r3018 PH?. 118C
3017 TAB(J+5)=TAI3(J+5)*i,0000001+1.0E-8 F) 112 119C



3018 SETABJ+5~68

PH2 1200
GO To 3024P1221

3019 TAB(J+5)=TAB(Jd+5)1-0.9999999-1.0E-8 PH2 1220

02 ARRANGE+5) VERTICES IN ASCENDING ORDER PH2 l230

304IF(TAl3(J+2)-TAD(J+4) )2036,3034p3038 PH2 1250
3034 TAB(J+2)=TAB(J+2) %1.0000001+1.0E-8 P112 1260

GO TO 3038 PH2 1270
3036 WSA=TAB(J+1) PH2 1280

WSB=TAB(J+2) PH2 1290
TAB(J+1)=TAB(Ji-3) P112 1300
TAB(J+2)=TAB(Ji+4) PH2 1310
TAB (J+3)=WSA PI-12 1320o
TAB (J+4)=WSB PH2 1330

3038 IF(TAB(Ji-4)-TAB(d: ,6))3042,3040,3044  PH2 1340
3040 TAB(J+6)TA3(J+6) ,0.9999999-1.0E-8 PH2 1350

GO TO 3044 P216
30412 WSA=TAB(J+3) PH2 1370

WSB=TAB(J+4) PH2 1380
TAB(J+3)=TABCJ+5) P112 1390
TAB(J+4)=TAB(J+6) P112 1400

TAB(J+5)=WSA P112 141

GO To 3024 P112 1430
c WSFM1IMUM VALUE OF Y
-C VSG=MAXIMUM VALUEJ OF Y
3044 WSF=TAB(J+6) Fd2 1440

WSG=TAB(J+2) P112 145o
c COMPUTE: SLOPES P216

SLA=(TAB(J+4)-TA' (J+2))/(TAB(J+3)-TAB(J+1)) P112 1470
SLB=(1A1(J+6)-TA:(J+2))/(TAB(J+5)-TAB(J+1)) P112 1480

3053 IF(SLA-SLB)3054,c.*921,3058 PH2 1490
3054 IF(SLA)3056v9922t3064 P112 1500
3056 IF(SL8)3064q9923t3062 P112 1.51o
3058 IF(SLA)3062#9924t3056 P112 1520
3062 WSA=TAB (J+3) PH2 1530

WSBf --.3 (,J+4) PH2 1540
WSC ;SLA P112 1550
TAB(J+3)=TA13(J+5) P112 1560
TAB(J+4)TA13(J+6) P112 1570
SI'A=SLB P112 1580
.A8(J+5)=WSA PH-2 1590

TAB (J+b)=W~SB PH2 1600
SLB=WSc P112 1610

3064 IF(TAt(J+3)-TAB(j+5))3066,9925,3068 PH2 1620
3066 ITAB(J)=ITAB(J)+2 P213

IWS=ITAB(J)-3 PH-2 1640
GO TO 3069 P112 1650

30u8 IWS=ITAB(J)-1 P112 1660
3069 KE=J+1 P112 1670

KF=KE+5 P112 1680
WS=PLOT(3)
IF(I;4S)3072p3070r3072 PF12 1710

3070 dS=PLOT(4)
3G72 WRITE (6p80l6)VlSt(TA3(flJ)#N=KE#KF) P1 12 1740

dS=TAj(J+2)-SL8*TAB3(J+l) P112 1750
TAL3(J+1)=TAJ(J-+2)-SLA TAl3(J+1) P112 1760
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TAI(J+6)=(TAB(J+6)-TAB(J+Lfl)/(TAB(J+5)-TAB(J+3)) PH2 1770
TA3(J+)TAt3(J+4f,-TA(J+6)*TAB3(J+3) PH2 1780
rAB(J+2)=SLA P219
TAB(J+3)=WS PH2 1800

TAB (J+t)SLB PH2 1800

GO TO 3600 PH2 180
C RECTANGLE P112 1830

3100 ITAB(J)=ITABUJ)+2 PH2 1840
IWS=ITAB(J)-5 PH2 1850
WS=PLOT (3)
IF(IWS)3110P3105, 3310 P112 1880

3105 WS=PLOT(4)
3110 WRITE (6,802o)WS.,rAI(J+1),TAB(J+2)tTAB(J+3),TAB(J+4) PH2 1910

W~SDTAB (J+1) P212
WSE=TAB (J+2) PH2 1930
WSF=TAB (J-I3) P112 1940
WSG=TAB (J+41 PH2 1950
GO TO 3600 P1-2 1960

C ELLIPSE OR CIRCLE PH2 1970
3200 IF(ABS(TAB(J+1)-TA"B(J+2))-l.OE-8)3,300e3300'3202 PH2 1980
3202 IF(TAU(~j+2) )9926#300,3203 PH2 1990
C ELLIPSE WITH NO PERTURBATION PH2 2000
3203 ITAB(J)=ITAB(J)+2 PH2 2010

IWS=ITAB(J)-7 P112n 2-02P
WS=PLOT (3)
IFIWS) 3210f3205i.32l0 P112 20'50

3205 SPLOT(4)
3210 WRITE (6D8O2LIWSTAB(J+1),TAB(J+2)tTAB(J+3),TAB(J+f) PH2 2080 2

3215 WSD=TAB(J+3) -TAB (J+1) PH2 2090
WSE=TAB (J+3) +TAB (J-I1) PH2 2100
WSF=TAB (J+4) -TIAG(J+2) PH-2 2110
NSG=1 AU(J+4) +TAB (J+2) PH2 2120
TAB(J+1)=TAB(J+1) **2 PI-2 2130
TAB (J+2)=TAB(J+2) **2 PH2 2140
GO TO 3600 P1-2 2150

C CIRCLE PH2 2160
3300 ITAB(J)=ITAB(J)+4 PH2 2170

IWS=ITAB (J)-9 PH2 2180
TAB (J+2)=TAB (J+l) PH2 2190
WS=PLOT (3)
IF(IWS)3310O3305#3310 P112 2220

3305 YiS=PLOT(4)
3310 MIITE (6,8028)WSTAU(J+1),TAB(J+3)tTAB(J+4) K112 2250

GO TO 3215 PH2 2260
C ELLIP3SE WITH PERTURBATION PH2 2270
3400 ITAB(J)=ITAB(J)+4 PH2 2280

WS1I.U-(TAB(J+5)/TAB(J+1) )**2 PH2 2290
IOSA=ITAB(J+7) P220

0TAB(J+7)=(TAB(J+6)-TAE3(Ji4)-TAB(J+2)*SQRIT(WS) )/ PI-12 2310)
1 ((TA,(J+5)*(TAB(J+5)-TAB3(J+1)))**2) PH-2 2320
IWS=ITAb(J)-l1 P112 2330o
KE=J+1 P1-2 2340o
KF=KE+6 P1-12 2350
4SA=PLOT(3)
IF (IS) 34100 340b, 3410 P112 23130

34113b 4SA=PLOT (4)
3'110 MRITE (6t8032)htSAt(TA1(N)#NKEtKF) Pf 12 2410
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3415 IF(WS)9927t9927r31t20 PH2 2420
, ,'120 IF(TAB(J+3))9928r'425p9928 PH2 2430
• .4 25 TAB(J+3)=TAB(J+7) PH2 2440

iT'AB(J+7)=IWSA PH2 2450

WSA=TABJ+2)+TAB(J+2)/4.0 PH2 2460
wsD=oo PH2 2470
WSE=TAB(J+1)+TAB(J+l)/4.0 PH2 2480
WSF=TAB{J+4)-WSA PH2 2490
WSG=TAB(J+4)+WSA PH2 2500

C DETERMI:E BOUNDARIES OF GEOMETRIES PH2 2510
3600 IF(WSD-GXN)3602r3&04t3604 PH2 2520
C MAXIMUM X)
3602 GXN=WSD PH2 2530
3604 IF(WSE-GXX)3608p3 08,3606 PH2 2540

C MINIMUM (X)
3606 GXX=WSE PH2 2550
3608 IF(WSF-GYN)3610 3§12p3612 PH2 2560

C MAXIMUM (Y)
3610 GYN=WSF PH2 2570
3612 IF(WSG-GYX)3700r3700,3614 PH2 2580

C MINIMUM (Y)
3614 GYX=WSG PH2 2590

:3700 CONTINUE PH2 2600
J=JT PH2 2610

GO TO 10000 PH2 2620
CE R R 0 R P112 2630

9919 NK.:3007 PH2 2640
GO TO 9999 PH2 2650

9920 NK=3009 PH2 2660
GO TO 9999 PH2 2670

9921 NK=3053 PH2 2680
GO TO 9999 PH2 2690

9922 NK=3054 PH2 2700
GO TO 9999 PH2 2710

9923 1K=3056 PH12 27ZO
GO TO 9999 P112 2730

9924 NK=3058 PH2 2740
GO TO 9999 PH2 2750

9925 NK=3064 PH2 2760
GO TO 9999 PH2 2770

9926 NK=3202 PH2 2780
GO TO 9999 PH2 2790

9927 NK=3415 PH2 2800
GO TO 9999 PH2 2810

9928 NK=3420 PH2 2820
9999 WRITE (6,8888)JK PH2 2830

PRINT 8888"PNK Pli2 2840
CALL DUMP PH2 2850

10000 RETURN PH2 2860
8016 FORMAT(15HOTRIANGLE ---- A3t7H ------1P6E16,6) PH2 2870

:8020 FORMAT(15HORECTANGLE --- A3#7H ------1P6E16,6) PH2 2880

8024 FORMAT(15HOELLIPSE ----- A3#7H ------ IP6E16°6) PH2 2890

8028 FORMAT(1SHOCIRCLE ------ A37H ------ 1PE16,6?16Xt4E16,6) PH2 2900
"8032 FORMAT(15HOP ELLIPSE --- A3#7H ------ IP6E16,6) PH2 2910
8888 FORMAT(23HIPH2 ERROR IN STATEMENTIb) P12 2920

END PH2 2930
SUJROUTINE PH3 PH3 0010
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C INPU0710

C: *¢***** A 2 MATERIAL CLAM FOR THE TOIL CODE *************

C INPUO030
C GENERATE (OR DELETE) THE PARTICLES PH3 0020
C PH3 071O
C PH3 0950
C PH3 0960C PH3 0970
C SCAN CEIL MESH TO DETERMINE IF PARTICLES ARE TO BE PH3 0980
C GENERAT.,D OR DELETED PH3 0990
C G E N E R A T E P A R T I C L E S PH3 1000
C SAVE CURRENT VALU'.S OF COUNTERS.
4000 IA=I PH3 1010

JA=J PH3 1020
IJ=K PH3 1030
JT=L PH3 1040
IF(IX-1)9932P40109932 PH3 1050

4010 IF(MX-MNP)4012t40%2t9935 PH3 1060
C IF GREATERP YOU I.,IED TO GENERATE MORE THAN
C 400 PARTICLES / C.LL.
4012 iS=MX P113 1070

FMX=SQRT (WS) Pit3 1080
-MXS=FMX+,5 P113 1090

4011 IF(MXS*MXS-MX)99 ',p4013,9936 PH3 1100
C IF(GREATER OR LES') THE NO, OF PARTICLES / CELL
C THAT YOU REQUESTF'' WAS NOT N SQ. WHERE
C N IS FROM 1 TO 20,
4013 MXA=1-MX PH3 1110

TFMX=.5/FMX PH3 1120
WPIDY=TPIDY/FMX PH3 1130

4015 IF(MXA)4018,4018p'937 PH3 1140
C IF GREATER, YOU H-,VE FAILED TO SPECIFY THE
C NO* OF PARTICLES *0 GENERATE.
4018 NY=NT PH3 1150

DO 5700 I=IXNIXX PH3 1160
C COMPUTE THE COORDINATE OF THE PARTICLE PH3 1170
C UNDER CJNSIDERATION P113 1130

VS5:DX (I)/FMX PI3 1190
C THE VOLUME OF THE SUBDIVIDED CELL
C PI (2,.XL(I)DY/N*lJY/N),

TABX(1)=X(l)-TFMX*DX(I) PH3 1200
4019 IF(MXA)4020v4024;9938 PH3 1210
4020 DO 4022 K=2,MXS PH3 1220

C dE SThRT AT THE RIGHT AND TOP OF CELL(K)o
C SET UP ARRAY FOR X COORDINATES OF THE
C PARTICLES.
.4022 TABX(K)=TABX(K-i)-WS5 PH3 1230

J LOOPP LIMITS OF Y FOR THIS PACKAGE.
4024 DO 5700 J:IYNIYX P13 12110

TAM~wPIDY*WS5*DY(J) PH3 1250
"t TAM= 2PI/N*DX/N*DY

E=0 0O PH3 1260
IIWS=O P1i3 1270
IwS-O PH3 1280
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IB~O PH3 1290
WS=DY(J)/FMX PH3 1300
TABY (1)=Y(J)-TFlM-X*DY(J) PH3 1310

C NiXS=N
DO 4f026 K=2pMXS PNi3 1320

C SET UP ARRAY FOR.Y COORDINATES OF THE
C PARTICLES.
4026 TABY(K) -TABY(K-1)-WS P113 1330
C K USED FOR.THE CEUL QUANTITIES,

K=J-I) *IMAX+I+1 PF13 1340
4028 IBB=IB/MXS PH3 1350

IB=IB+1 PH3 1360
IBA=MOD(IBtMXS) P113 1370

C TX=X COORDINATE OF PARTICLE IN QUESTION.

TX=TABX (IBA+l) P318
c TY=Y COORDINATE OF PARTICLE IN QUESTION.

TY=TABY(IBB+l) P113 1390
C GENERATE OR DELETE THE PARTICLE P113 1400

10=0 PH3 1410

L1l
4202 CONTINUE

KKITB(L)P13 1440
IF(KK-5)4062,4078, 4078 PH3 1450

C TRIANGLE P113 1460
-4062 WSX=(TY-TAB(L+1))/TAB(L+2) P113 1470

IF (WSX-TX) 4064t4064p4200 PH3 1480
4064 WSX=(TY-TAB(L+3) )/TAB(L+4) PH3 1490 I

IF (WSX-TX) 4200w 4066v4066 P113 1500
4066 WSY=TAB(L+6)*Tx+ rAB(L+5) PH3 1510

IF(KK-2) 4068,4068,4072 PH3 1520
4068 iF(WSY-TY)4200,'4370#4070 PH3 153o
4070 GO TO (4074p407b,4074,4076)pKK PH3 1540
4072 IFCWSY-TY)4070#11070#4200 P113 1550
40741 ID1l P113 1560

GO TO 4200 PH3 1570
4076 IG1lP318

GO TO 4200 P113 1590
4078 KK=KK-4 P310
4077 IF(KK-8)4079#400e4#9939 P113 1610
4079 GO TO (4080,4080,4090,4O90,4092p4092?4094) 'KK PH3 1620
C RECTANGLE PH3 1630
4080 lF(TAB(L+1)-TX)4082p,4082r4200 PH3 1640
4082 IF(TA6(L+2)-TX)4200t4084t4084 PH3 1650
4084 IF(TAB(L+3)-TY)11086p4086t4200 P316
4086 IF(TAE3(L+4)-TY)4200,4088#4088 P113 1670
4088 GO TO (4074,4076),KK P113 1680
C ELLIPSE WITH NO PERTURBATION P113 1690
4090 KK=KK-2 P113 1700

IF( (TX-TAB(L+3) )**2/TAB(L+1)+(TY-TAB(L+4) )**2 PH3 1710
1/TAB(L+2)-loO)4088p4088?4200 PH13 1720

C CIRCLE P3 1730
4092 KK=KK-4 P113 1740

OIF((TX-TAB(Li-3))**2+(TY-TAB(L+4))**2-TAB(L+1)) P113 1750
2408804088#4200 P113 1760

C ELLIPSE WITH PERTURBATION P113 1770
F 4094 KK=KK-6 P113 1780
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OIF((TX/TAB(L+1)) *,2+(TY-TAB(L+4)-TAB(L+

3 )*(TX* PH3 1790

1 (TX-TAB(L+))) *)**2/TAB(L+2)-1.i4088t
4OB88 42 00 P'H3 1800

4200 LZL+NPP
IF(L-JA) 4202,4201,4201

C IF ID~l DELETE PH3 1820

4201 IF(ID)9940P4310'4 8
00  P313

C IF ID=0 AND IG=0 DELETE 
PH,) 1840

4310 IF(IG9941t480
0 1 2  PH-3 1850

CGENERATE PARTICLE PH-3 1860
4312 N=NY~lPH3 1880

IF(IIWS)23t22v23  
P318

22 IIWSIl 
PH3 1890

23 IWS~l 
PH3 1900

NY Y=NYY+. 
PH3 1910

CALL PH-4 
PH3 1950

C RETURN FROM PH4 :11TH THE FOLLOWING DATAt

C WSI:PARTICLE DESPUIY NERA EEG

C WSR=PARTICLE SE~ITYF ITRALEEG

C WSU=RADIAL VELOCITY COMPONENT OF PARTICLE

C WSV=AXIAL VELOCIT7Y COMPONENT OF PARTICLE

4332 N=NYY 
P1-3 1.960

IF(IIWS)4335 p4365t)24  
PH3 1970

24 IIWS=-l 
PH3 1980

4333 IF(AMX(K)+AMD(K)19951,'+
335D4334

-C CALCULATE PACKA('j- ENERGY*
4334 E(UK*2VKf-2/AXK+M())o+I()ADK
C THE FOLLOWING 1S FOR PIC TRANSPORT ONLY

C SET THE PARTICLE COORDINATES INTO THE

C PROPER ARRAYS*
4!335 XL(N)1TX 

PH3 2010

YL(N)=TY 
PH3 2020

C SET I AND J OF C'-ELL K(LOCATION OF PARTICLE).

IWi (N)=I 
PH-3 2030

IW2(N)=J 
P113 2040

C CALCULATE PARTICLE MASS AS
C =2PI/N*DX/N*DY*"1.(N) *RHO,

AM (N)=TAM*TX*WISI 
P1-3 2050

C CHECK FOR TYPE OF MASS(X OR *)P-326

4341j IF(LX)9945t4342#4 54 4  PH-3 2070

4342 WS=AM(N)*WSI 
PH3 2080

IF (AM(N)-AMDM) 16i1
5 t15  

P328

16 AMDM=AM(N) 
PH3 2090

C NOTEt AID HERE IS INTERNAL ENERGY,

C NOT SPEIFIC INTRNAL ENERGY.

15 AID(K)=AID(K)+WS
PM=PM+AM (N) 

PH3 2110

AMD(K)=AMD (K)+A'(N)
AM(N)=-AM(N) 

P1-3 2120

bo TO 4346 
PH3 2130

4344 WS=AtM(N)*WSI 
PH3 2140o

IF(AM4(N)-AMXM) 18t17rl7 
P113 2150

18 AMXM=AM(N) 
PH3 2160

c NOTE# AIX HERE IS INTERNAL ENERGY,

C NOT SPECIFIC INTERNAL ENERGY,

17 AIX(K)=AIX(K)+WJS 
P113 23.70

PM=PM+AM(N) 
P113 21.80



74

C SUM UP MASS# BOTH COMPONENTS OF MOMENTA
C AND TOTAL INTE'"F'L ENERGY IN CELL K.AMX(K)CAiX(K)4. .N) 

PH3 2190
C ** NOWTC U AIND V ARE NOT VELOCITY COMPONENTS
C HERE IN PH3, BUT ARE THE RESPECTIVE
C RADIAL AND AXXAL MOMENTAS.
4346 U(K)=U(K)+ABS(Akl(N))*WSU PH3 2200

V(K)=V(K)+ABS(AM(N))*WSV PH3 2210
IF(NY-NPRR)4800# 149945 PH3 2220

14 NRC=NRC+l PH3 2230

NPRR=NPRR+NPRI-1 PH3 2240i
5001 NYY=1 PH3 2270i

3 DO 2 N=2#NPRI PH3 2280

C SET PARTICLE ARRAYS TO ZERO.XL(N)=OO PH3 2290

YL(N)=OO PH3 2300

AM(N)=OO PH3 2310
IW1(N)=O PH3 2320

1W2(N)=O PH3 2330

2 CONTINUE PH3 2340

4800 IF(MX-IB)9946,4e30p4028 PH3 2350

C A L C U L A T E E N E R G Y F 0 R P K G PH3 2360

4880 IF(IWS)4900,5700?4 9 00 PH3 2370

4900 IF(AMX(K)+AMD(K)'9951,5700O4910
4910 PEE=(U(K)**2+V(K)**2)/(AMX(K)+AMD(K))*,5+AIX(K)+AID(K)
4930 IF(E)L950,4950,'!940 PH3 2400

4940 PEE=PEE-E PH3 2410

4950 PE=PE+PEE PH3 2420
5700 CONTINUE PH3 2430

I=IA PH3 2440

J=JA PH3 2450

K=IJ PH3 2460

L=JT PH3 2470

GO TO 10000 PH3 248o

C E R R 0 R PH3 2490t

9932 NK=4000 PH3 2500

GO TO 9999 PH3 2510

9935 NK;4010 PH3 2520

GO TO 9999 PH3 2530

9936 NK=4011 PH13 2540

GO TO 9999 PH3 2550

9937 NK=4015 PH3 2560

GO TO 9999 PH3 2570
9938 NK=4019 PH3 2580

GO TO 9999 PH3 2590

9939 NK=4077 PH3 2600

GO TO 9999 PH3 2610

9940 NK=4201 PH3 2620,
GO TO 9999 P113 2630

9941 NK=4310 PH3 264i0

GO TO 9999 PH3 2650

9945 NK=4341 PH3 2660,

GO ro 9999 PH3 2670

9946 NK=4800 PH3 2680

GO TO 9999 PH3 2690,

9951 NK=4905 P1i3 2700

9999 WRITE (6,8888)NKItJpKtLrMuN PH-3 2710,
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PRINT 8888,NKtIiJtKpLvMN 
PH3 2720

CALL DUMP PH3 2740

10000 RETURN

8888 FORMAT(lH+/26H1 P 8 3 ERROR IN STATEMENTI5rt2XPI2H 
INDICES ARE617)PH

3 2750

END 
PH3 2760ENDPHI40010

SUBROUTINE PH4 
" NP0010

c 
INPU0710

C 
PH4 -0730

C * NOTEt XC AND YC ARE COORDINATES 
FOR RELOCATING

'C THE ORIGIN FOT THE

C RHOINTERNAL ENERGY, AND VELOCITY FITS,

C 
PH4 0940

C THE ACTUAL COORDINATES USED IN THE FIT

C SUBROUTINES IS TTX=TX-XCPTTY=TY-YC4

TTX=TX-XC 
PH4 0950

TTY=TY-YC 
PH4 0960

LL=S8 
PH4 0970

GO TO(lr2rPtP5p6)*LL 
PH4 0980

I CALL FIT1 
PH4 0990

GO* TO 7 
PR4 10-

2 CALL.FIT2 
PH4 101a0

GO TO 7 
PH4 1020

3 CALL FIT3 
PH4 1030

GO TO 7 
PH4 1040

4 CALL FI*T4 
P114 1050

GO TO 7 
P1l4 1060

5 CALL FT5, 
PH4 1070

GO TO 7 
PH4 1080

6 CALL FIT6 
PH4 1090

7 RETURN 
PH4 110

END 
P114 11laEND FITlOOlO

SUBROUTINE FIT1 
FIT10010

c INPU71O

C 
FIT10730

C FIT 10940

WS=SQRT(TTX**2+TTY**2) 
FIT10950

C DENSITY 
FITIO960

WSR=TABR()+TABR(2)*(TTY-TABR(
3 )) FIT10970

C ENERGY 
FIT10980

WSI=TABI(I)+TABI(2)*(TTY-TABI(3)) 
FIT10990

C VELOCITIES 
FIT11'01

WS=TABUV(1)+TABUV(2)*(TTY-TABUV(3)) 
FIT11,020

WSU=00O 
FIT1102o

WSV=WS 
FIT1103o

RETURN 
FIT11040

END 
FIT11O

SUBROUTINE FIT2 
FIT2010

C 
INPU0710

C 
FIT20730

C FIT20940

WS=SQRT(TTX**2+TTY**2) 
FIT20950

C DENSITY 
FIT20960

WSR=((TTX-TABR(1))/TABI2))**2+{(TTY-TABR(
3 ))/ FIT20970

ITABR(4))**2 
FIT20'980

C ENERGY 
FIT20990

WSI=TABII()+TA3I(2)*TTX+TABI(3)*TTX**2 
FIT21000
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1+TABI(4)*TTY+TABI(5)*TTY**2. FIT21010
C VELOCITIES FIT21020

WSVZTAUUV(1)+TA6UV(2)*TTY FIT21030
WSU=TABUV(3)+TAUUV(4)*TTY FIT21040
RETURN FIT21050
END FIT21060
SUBROUTINE.FIT3 FITU0010

C INPU0710

c FIT30730
C FIT30940

C THIS FIT FOR SIN KZ/KZ ************
WS=SQRT(TTX**2+TTY**2) FIT30950

C DENSITY FIT30960
WSR=TABR(1)+TABR(2)*(TTY-TABR(3))
WSA=TTY/TABI(2)
WSB=WSA*PIDY*2o
WSC=SIN(WSB)
WSI=WSC/WSA*TABI(1)
WS=TABUV(1)+TABUV(2)*(TTY-TABUV(3))
WSU=O,
WSV=WS

WSI=WSI*TABI(3)
C TABI(3) US SCALE FACTOR FOR YIELD NORMALLY SET TO I,

RETURN
END
SUBROUTINE FIT4 FIT40010
RETURN FIT40020
END FIT10030
SUBROUTINE FIT5
RETURN
END
SUBROUTINE FIT6 FIT6001o
RETURN FIT60020
END FIT60030
SUBROUTINE OUTPUT OUTPO01o

C INPU071O
'C

C ******* A 2 MATERIAL CLAM FOR THE TOIL CODE **************
C

C L A M ****** 0 U T P U T ****** OUPO020
C OUTPO030
C OUTP0750
C OUTP0970
C PACKAGES HAVE BEEN READ IN AND PROCESSED OUTP0980
C COMPUTE TOTAL ENERGIES AND TOTAL MASSES OJTP0990

E=ETH OUTP.1000
WRITE (6P8104. OUTP1Oo

7001 ND=ND+l OUTPIQ20
IF(E)600O,600O6001 OUTP1030

6000 AMDM=O.0 OUTP1040
AMXM=0O OUTP1050
GO TO 7016 OUTP1060

6001 AMDM=AMDM/2.0 OUTP1070
AMXM=AMXM/2,0 OUTPI080

7013 IF(AMUM)9901r9901,7014 OUTP1090
7014 IF AMXr49902,9902,7016 OUTPI100

- -.- --.- --



7016 ETH=0.0 OT11
TiUZ0.0 OUTP1Ilo
TMXZ=0,0 OUTP112o

DO 70)15 I=?2iKMAX 
OT13

7017 IF(AMD(I))9047010,00Lf
7010 WSI=09

IF(AWMX))990L17012,7006
7004~ TtMDZ=AMD (I )+TMD/.

vJSI=AID (l)
C CALCULATE THE SPECIFIC INTERNAL ENERGY
C FOR(.) MATERIAL IN CELL K.

7005 IF(AMX(I) )9904t.7008,7006
7006 vSIZWSI+AIX(I)
C SUM UP TOTAL WX MASS IN GRID,

TMXZ=AMX(I)+TMXZ OUTP1170
C CALCULATE THE SPECIFIC INTERNAL ENERGY

C FORMx MATERIMl. IN CELL K.
c I()AXI/l)'I OUTP1180

7008 WS=AMX(I)+AMD(I)
C CALCULATE RADIAL. AND AXIAL VELOCITIES BY
C CONSERVING BOTH ';OMPONENTS OF MOMENTA.

U(I)=U(I)/WS OUTP1200
V(I)=V(I)/WS OT11

C SUM UP TOTAL Et,."RGY IN SYSTEM.,UP11
ETH=((U(I)**2+VUI)**2)/2.)*WS+WSI+ETH
GO TO 7012 OUTP1230

C SET FLAGS FOR TYPE OF MATERIAL IN CELL.K.
7012 IF(AMX(I)+AM4D(Il2000,2000e2001
2000 DKE(I)=09

GO TO 7015
2001 IF(AMX(I))2002p$'.002t2003
2002 DKECI)=-1.

GO TO 7015
2003 IF(AMD(I))2004p200q,2005
2004~ DKE(I)=-2.0

GO TO 7015
2005 DKE(I)=1.0
7015 CONTINUE

TMZ=TMDZ+TMXZ OUTP1250
WRITE (6#8072)ETlHEtTMDZTMXZTMZ OUTP1260
IWS=ND-1 OUTP1270
I WSMHiMAX-ND OUTP1280
I WS8=iimAX-1 OUTP1290
WRITE (6p8073) (IWlStIWSA#IWS13) OUTP1300

7113 REWIND N7 OUTP132o
C OUTP133o
C dIRITE TAPE FOR THE- TOIL CODE.
C OUTP1350

IF (PRO3) 7162t71b2# 7163 OUTP136o
7163 N3=0 OUTP1370
7162 WS55590 OUTP1380

WRITE (N7)WSrCYCLEtN3 OUTP 1390
ViRITE (N7)(Z(Ih#I~1?MZ) CUTP14+00

7161 WRITE(N7)(U(K),V(K),AMD(K),AMX(K)PAID(K),AIX(K),
IAIX(K) ,OKE(K) rK1,KMAXA)
GO TO 7140 OUTP1420
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7140 CONTINUE OUTP1430
WRITE(N7)(X(K)tTAU(K)rK=ltIMAX)WRITE(N7)(Y(K)tKcltJMAX)

WS=666,0 OUTP1460
SC OUTP1470

C EDIT OUT THE VELOCITIES# MASS
C AND SPECIFIC INTERNAL ENERGIES AS A FUNCTION
C OF J FOR ALL I
7161 WRITE (N7)WSWS#WS OUTP1530

REWIND N7 OUTP1540
WRITE (698120)TPtC OUTP1550
IWS=IMAX*JMAX+1 OUTP1560
CALL SLITE (0) OUTP1570
DO 7517 I:lIMAX OUTP1580

CALL SLITE (1) OUTP1590

J=JMAXA OUTP1600
K=IWS+I OUTP1610
DO 7517 JP=tJMAX OUTP1620
J=J-1 OUTP1630

K=K-IMAX OUTP1640
7170 IF(AMX(K)+A iD(K))9905p7517tel75
7175 CALL SLITET(lpKOOOFX) OUTP1660

GO TO(7180t7185),KOOOFX OUTP167o
C PRINT OUT CELL QUANTITIES,
7180 WRITE (618080)IpX(I)pDX(I) OUTPI680
7185 WRITE(6,8O84)JPY(J),DY(J),U(K),V(K),AID(K)tAIX(K),AMD(K),AMX(K)
7517 CONTINUE OUTP1710

IF(QOOOFL)7520t7520r7616 OUTP1720
7616 CONTINUE

GO TO 7520 OUTP182o
C ERROR OUTP1830

9901 NK=7013 OUTP1840
GO TO 9999 OUTP1850

9902 NK=7014 OUTP1860
GO TO 9999 OUTP1870

'9904 NK=7005 OUTP1880

GO TO 9999 OUTP1890

9905 NK=7170 OUTP1900
9999 WRITE (6t8888)NKtIpJtKtLpMpN OUTP191O

PRINT 8888,NKtIpJpKpLpMtN ou'rP1920
CALL DUMP OUTP1930

7520 RETURN OUTP1940

C FORMATS OUTP1950
80720FORMAT(1H ////6H THE =lPE16.9v7Xv3HE =El6.9///5H M- :E115,5Xp4HtXOUTP1960

1 =E1lo5t7Xp7HM*+MX =El1°5) OUTP1970

8073 FORMAT(1HO/17HOPARTICLES - - -I12t4H DOTI14t2H XI14F6I! TOTAL) OUTP198o

80800FORMAT(1HO///3HOI=I2,lOX,2HX=lPE13°7,lOX,3HDX=E13,7/3HO JlOXtlHY13OUTP1990
1X,2HDY12XlHU13XIHV12X,3HAIDllX,3HA!XllX,3HAMDllXe3HAMX) OUTP2000

8084 FORMAT(I3p3XplP8E147) OUTP2010
104 FORMAT(IH /31H THERE ARE NO MORE PACKAGES-- ) OUTP2060

8120 FORMAT(1H ///18H TAPE DUMP AT TIMEF1O°1,7Xp5HCYCLEI4) OUTP2070
6888 FORMAT(IH+/2bHIOUTPUT ERROR IN STATEMENT15,12X12I2H INDICES ARE6I7)OUTP2080

END OUTP2090

C
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SUBROUTINE pHi PHI 003
C
Ic A TWO MATERIAL OIL

C
C NOTEPP THE FOLLOWING SET OF DIMENSIONS?
zC. COMMONP AND EQ(UIVALENCE ARE TO BE USED
C FOR ALI. SUBROUTINES EXCEPT,
C THE CARDS ROUTINE .0.....,

C
CD I M E N S I 0 N EDIT0O060

C EDIT0070
DIMENSION AM(130)v XL(130)t YL(13o)t EDIT0O8O
1U(4b00) ,V(L4500) "A:4D(4500) .AMX(4500) vAID(4500) ,AIX(4500),
2P(LI500) ,DKE(4500) PTHE.TA(4500)p
31VJ1(130)tWl2(30)f

5TAB(15)p AMK(15)p PK(15)p QK(15)p Z(150)v IZ(150J)t EC'1T0130
6TAU(100) ,PL(200) -'R(200) #UL(200) 'UR(200),
7FLEFT(100)#YAMCO.OO)t SIGC(l0)p GAMC(lO0) EC'1T0150
DIMENSION DMASL(1.3O) DXMAL(130) tDYML(130) PDENRG(i.30)
COMMON z. tXX PUR PPR PTHETA PYY EDITOX60
COMMON AID PAIX PAM ,AMD PAMX PAREA EDITO17O
COMMON B~IG PdOUNCE PDDXN vDDVK PDVK PDX EDIT0180
COMMON ~ DY PS PFP FFS tFX #OUT EDIT0190
COMMON P) PPABOVE pPBLO PPIDTS PPPABOV PPRR EDIT0200
COMMON PUL ?,:IoT 'RC PREZ PRHO PRL EDIT0210
COMMON RRPSIG?~,)0OFLPSWITCH DTABLMFTAU EDIT0220
COMMON TAUDTS PTAUDTX PU PUK PURR PUT FEOIT0230
COMMON UU ,JUJU PUTEF PUVMAX PV 'VABO'JE EDIT0240
COMMON VBLO iVEL PVK PVT PVTEF PVV E0IT0250
COMMON VVABOV rIVGLO PW2 PW3 0'rPS PWS EDIT0260
COMMON WSA p isW fVSC #XL PXLF FXN EDIT0270
COMMON XR PYL PYLW PYN PYU PZMAX EDIT0280
COMM%, I ,II PIN PIR FIws 9IWSA EDIT0290
COMMON IWSB ?IaSC PIWI tj PJN ojp EDIT0300
COMMON JR tKtKN PKP ,I(R PKRM EDIT0310
COMMON L p k' MA PMB f Mc f MD EDIT0320
COMMON ME t?) N PNK P1NKMAX PNKl EDIT0330
COM4MON NO #.REDIT0340

C EDIT0440
c E Q U 1 V A L E N C E EDIT0450
C EDIT04t60

OEQUIVALENCE (ZtiZoPROB)p (Z(2)PCYCL.)p (Z(3)#DT)t EDITOL.70
I(Z(4I)PPRINTS)o (Z(5)PPRINTL)p (Z(6)tDUMPT7)t (Z(7)#CSTOF')p EDIT04P%

3(Z(12)#GAMX)p (Z(13)PETH)s (Z(14)vFFA)t (Z(15)#FFB)p *E01T0500
4(Z(16)tTMDZ)y (Z(17)PTMXZ)p (Z(18)tXMAX)p (Z(19)PTXMAX)o EDIT0510
5(Z(20)PTYMAX)p (Z(21)PAMDM)p (Z(22)#AMXM)t (Z(23)#DNN)p EDIT0520)
6(Z(2Li)?DMIN)t (Z(25)#FEF)p (Z(26)PDTNA)t (Z7(27)tCVIS)t EDLT0530

81ZA3a)PNRC)p (Z(33)PIMAX)p (Z(34)PIMAXA)p (Z (35) F IMAX) P EDYTO550
9(Z(66)PJMAXA)f (Z(.37)tKMAX)p (Z(38)PKMAXA)p (Z(39)#NMAX) EDIT0560)
OEQUIVALENCE (Z(LfO)PND)o (ZJ41)'KDT"P (Z(42)PIXMAX)p EDIT0570
jAZ(L&3)rN0D)t (Z (44)Lt NOPR) o (Z(45)PNT AX)# (Z(46)pNJt-AX)p t01T0580
2(Z(47)tIl)t (Z(ti8)PI2)t (Z{49',14. (Z(50) vI LII), EDIT0590
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b(Z(u3)#TRAD)t (Z(t))XNRG)t (Z(65)tSN)p (Z(66)PDXN", EDIT0630
7(Z(b7)rRAOER)p (Z(68)PRADET)o (Z(69)YRADEB)p (Z(70)tDTRAD)t EDIT0640
8(Z(71)tREZFCT)r (Z(72)PRSTOP)p (Z(73)tSHELL)p (Z(7'fl'BBOUND),EDIT065O
9(L(75)tTOZONE)p (Z(76),ECKI), (Z(77)tSBOUND)t (Z(78ShXl) EDIT0660
QEQUIVALENCE (Z(79)PX2)f (Z(80)#Yl)t (Z(81)PY2)t EDIT0670
i(.Z(82)tCABLN)t (Z(83)tVISC), (Z(84!PT)t (Z(85)tGMAX)p EDIT0680
2(L(ua)pWSGD)f (Z(87),VJSGX)p (Z(88)#GNIADR)p (Z(89)tGMAXR)p EDITQ690

3((utlt (Z(91)?S2)t (Z(92),S3)? (Z(93hPS4)p EDIT0700
4((4#5p (Z(95)tS6), (Z(96)PS7)t (Z(97)PS8)t EDIT0710

5(Z(9o)PS9)t (Z(99)tSlO) EDIT0720
c EDIT0730

0EC)UIVALENCE (XX(2)tX(1)); (URULFLEFT), (UR(100)tYAMC)PEDITO74O
l(PeR(100)tSIGC)t (1*RPLtGAMC), (DKErTHETA)? (URPTAB)p EOIT0750
2(UR(1bhtAMK)t (UR(31)#PK)t (UR(46)rQK)r (YY(2)#Y(1)) EDITO70SO
EQUIVA~LEN'CE (AMpC."ASL)t(XLDXML)r
1(YLLJYML)r(1Wl#D NRG)
DIMENSION PLOT(J.Q)
DATA PLri/H rlHH'1H.tXHMtlH-/

C AEO 00000030

C WILLCALL SUBROUt (NE SETvUP WHICH
:C WILLMA&sE A DUMP fAPE FOR CERTAIN TYPES OF PROBLEM

CALINPUT
C CTROUTINE CAL''.ATES DT(HYDRO TIME STEP)
-C AN PRESSURESt A. VANCE CYCLE NO, ETC,

C IN EDITt DETERMI E-- WHETHER TO EXECUTE A LONG
* C PRINTP A SHORT P; 'NTP A TAPE OUMPt ETC. AND
C CALCULATE TOTAL i:IERGY IN SYSTEM(COMPARE
C WITH L;TH) TOTAL t %SS# INTEGRATE TOTAL
C COMPONENTS OF MOI :.N TA.

CALL EDIT
CALL SLITET(ltK0( FX)

C SEINSE LITE 1 Sb( NIFIES THIS
C IS THIE LAST CYCLE~ OF THIS RUN $S$$5S$$$$$$$
C LITE TURN~ED ON IN1 THE EDIT ROUTINE ***

GO TO(33r20)K0"'0FX
c PH~I INTEGRATE Tl.E MOMENTA EQSo INTEGRATE
C ENER6Y c:UATVON(ONLY CHAN'GES DUE TO WORK
C TERMS). NO 140VE:ZNT OF MASS HERE

20 CALL PHI
C TRANt)P0RT MASS ACROSS BOU.?,0ARIES (SOLVE
C tiASS TRANSPORT EQ~.) TRANSPORT TERMS IN
C THE V-0MENTA AND '"ZNERGY EQS. LEFT OUT OF
C Pt-Il HERE APROX?>IATED BY MASS MOVEsMEINT. CONSERVE
C o.ASbb, 4OMENTA A!,O TOTAL ENERGY.

CALL PH2
GO Tv 10

30 CALL iAIT
LND

C
L, --------------------.---------------------------- mmmm--

-c
,UoROITINE INPUT INPUU0O41

c *-- A 2 MATERIAL OIL CODE * :*****c

A,-L -,LITE (.3) K NPU 1 50
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C 
INPUI060

r READ IN COUNTERt FOR THE NO, OF HEADER CARDS*

READ(5,8009)II
,:o09 FORMAT(613)

C READ IN THE HEADER CARDS.

DO 8010 I=lII
READ (5,8004)IWS 

INPUIO80

riRITE (6,8004)IWS 
INPUI090

8010 CONTINUE
6 CALL CARDS 

INPUI120

C NOTE, OPTION FOR CALLING SETUP.
IF(PK(3)) 8887,88:388888

8888 CALL CARDS
CALL SETUP

C8837 CONTINUE RATPEINPU1270

GO TO 1000 
INPUI-80

10 CONTINUE 
INPU1340

CALL CARDS 
INPUI350

C EXECUTE R E S INPUL361

GO TO 2000 
INPU1370

C 
INPUL380

. 40 CONTINUE INPU1390

C DECREASE T BY DTP SINCE CDT ROUTINE

C INTEGRATES THE T,:1E.N
T=T-OTNA 

INPUI400

C ALSO CYCLE NO.
NC=NC-1 

INPUI410

CYCLE=NC 
INPU1420

C AND NO, OF CYCLES BETWEEN ENERGY CHECKS.

NPC=NPC-1 
INPU1430

UVMAX=O.0 
INPU40

C GENERATE DX AND DY FOR ALL I AND J

C SINCE THEY .RE NOC ON THE DUMP TAPE.

DX(1)=X(Ii
DO 50 I=2,IMAX

50 DX(I)X(I)-X(I-1) 
INPUI470

DY(1.)= Y(1)
DO 55 J:2,JMAX

55 DY(J):Y(J)-Y(J-1) 
INPU1490

C EDIT OUT THE Z BLOCK.
K:1
1O 80 I=1#3
L=K+8V.RlTE(G,8OOS)K,(Z(N),N=K#L)

80 K:L+l
K=28
00 81 I1=,4
L.=K+8
'i, RITE(6,8OO6)K,(!Z(N4),N=K'L)

81 K:L+l
K=62
O0 82 T=1#1O

- LZK+8
,%RITE(6,80O5)Kp(Z(N),N=KL)

82 KZL+l
8u 0 5 :ORl4AT(14,1X,lP9EI 2 ,5)
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800O6 FORMAT(I~ftlX#9I7)
GO TO 10000 INPU1600

C INPU1610
C INPU1620
q INPU1630

C**** R~ E A D T A P E :*********c********~****Ip14
1000 MZ=15o INPUI650

I S=0 INPU1660
1003 REWIN'D N7
1.004 RE-AD(N7)PR(1)PPR(!)PN3
C NR = NU'. 3ER OF RECORDS INPUI690
C NOTE ***** INPU1700

NR=N6,+5
1006 IF(PR(l)-555o0)10to,1016#'%01o INPUI720
1010 IWS=IWS+1 INPU1730
1011 IF(tMOD(IWS#3))990,: 9902,1003 INPU1740
1016 IF(PR(2))1010#101',1018 INPUI750
C CHLCK FOR CORRECT CYCLE NO*
1018 IF(PK(2)-PR(2))1O::,10pl23,IO2o INPU1760
1020 00) 1022 L=PuNR INPU1770
1022 RE.AU(N7)DUM

Go To 1004 INPU181O
:1023 REAJ(N7)(Z(I)oI1*:i4Z)
C CHECK FOR CORRECT PROBLEM NO.

IF(A6S(PROB-PK1l) *.01)1024PI024,g901 INPU1830

1P(i),DKE(I)tl11#,AXA)
READ(N7)(X(K)tTAU(()#KlpIMAX)
REA0(N7) (Y(K),K=1:JiAX)

1034 REALO(N7)PR(1)PPR(;')PR(3)
1036 IF(PRi(1)-555,0)991u 1040,1038 INPU1960
1038 IF(PR(2)-666a0)99, 3#1040v9905 INPUI970
1040 60 To 10 INPUI980
C* U*LJ'V' OF READ TAPE NP19

C INPU2000
C INPU2010

C CALCULATE MAXIMUM GAMM4A AND IP22
C GAMMA/(GAMMA-1s) 170R EACH MATERIAL.
2000 1F(WbGX)99062010.:2Oo5 INPU2040
2005 GAmx1, 0/ (wSGX-4*90) INPU2050
2010 WSGX=(GAMX+1.0)/GAMtX INPU2060

GMAXR=GAMX *WSGX INPU2070
2012 IF(v,:GD)9907#2020)2015 INPU2030
2015 GAMbI1.0/(WSGD-1s0) I NPU2 090
2020 hS6L=(GAMD+1*0)/GAMD INPU2100

GMAU~R=GAMiD* WSGD INPU2110
GiMA A =iSGD INPU2120
a1F (viGD-WSGX) 2025p2030t2030 INPU2130

2U25 GivAXZWSGX INPU2140
2030 GO To 40 INPU2150
C** Etqo )F R E S ****.**~~*************4**Ip26
C INPU2170

c INPU2 380
C ERROR I NPU2 190
9901 NK=1023 INPU2200

60 TO 9999 I NPU22 10
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INPU2220

9902 NK=1011 INPU2230

GO TO 9999 INPU2240

9904 NK(1036 INPU2250

GO TO 9999 INPU2260

,9905 NK=1038 INPU2270

GO TO 9999 INPU2280

9906 N=00O0 INPU2290

GO TO 9999 INPU2300

9907 NKl=2012 INPU2310

9999 NR=1 INPU2340

CALL DUMP INPU2350

C INPU2360

10000 RETURN INPU237 0

C INPU2380

C FORMATS INPU2390

8000 FORMAT(7E11.3 1I2) INPU20
80040FORMAT(II1 71H INPU2410

3. INPU2430
C INPU2440

END
C

SUBROUTINE SETUP, EDITO06

C D I M E N S I 0 N EDIT00

-1. 
EDIT0070

C TWO MATERIAL C TUP

C PACKAGES MUST BE RECTANGLES*

C ASSUMPTION OF = DX AND = DY

C LOAD PK(4I)=Io
M=PK(4)

C LOAD PK(5)=RIGHT BOUNDARY. OF PELLET(),

MA=PK(5)
C LOAD PK(6)=BOTTO;IlJ)+l OF PELLET@

MB=PK(6)
C LOAD PK(7)=TOP(J) OF PELLET,

MC=PK(7)
C LOAD PK(8)=1,

MU=PK(8)
C LOAD PK(9)=RIGHT(I)BOUNDARY OF TARGET.

ME=PK(9)
C LOAD PK(10)=BOTTOM(J)+l OF TARGET,

MZ=PK(10)
C LOAD PK(11)=TOP(J)OF TARGET.

N4=PK(1I)
C LOAD INITIAL DENSITY INTO Z(115) FOR (X)MATERIAL

C FOR THE PROJECTILE.
C AND Z(116) FOR THE DOT MATERIAL(TARGET))

C LOAD INITIAL PELLET VELOCITY INTO 
Z(112).

VTEF=Z(112)

KMAX=ItMAX*JMAX+l
KMAXA=Kt4AX+ 1
Jt.AXA=JMAX+
I.AA= IMAX+l

C CLEAR ALL CELL ARRAYS.
DO I K=lKMAX
U(K)=O



V(K)=0O
P (K) ---00
AMX ()0 00
AIX (K)=0O
AID(K)0.*
AMD (K)=0 *
DKE (K)=0 #

I. CONTINUE

X (1) DXC(1)
Vs=X (1) **2
PIDY=3 01415927
TAU(1)=WS*PIUY

C CALCULATE DXPXPTAU.
DO 10 I=2#IMAX
X(I)=X(I-1)+DX(1)
DX (li= DX ( )
WSAX(I)**2
TAU(I) =PIDy*(WSA<IS)
WS=WSA

10 CONTINUE
Y(1)=DY(1)

r. CALCULATE DY AND Y,
DO 20 J2pJMAX

DY(qJ)=DY(1)'
20 CONTINUE

ETH=~0*0
00 30 I=MPMA

C CALCULATE MASSr P. 0 VELOCITY OF. PELLET.
00 40 J*MBMC
AMX(K)Z(.15)*Dy (,')*TAU*(I)
V CK)=VE

C CALCULATE TOTAL E;i-RGY (ETH.)
ETH=ETH+AMX(K)*(V (K)**2)/2.0
DKt(K)=-2*

40 K=K+IMAX
30 CONtVINUE

C CALCULATE MASS OF TARGET,
DO 50 I=MDPME
K=(MZ1)*IMAX+I+I
DO 60 J:MZN
AMO(K)=Z(116)*DY(J)*TAU(I)
DKE(K)-4.

60 K=K+IMAX
50 CONTINUE

IMAX=IMAX
JMAX'.JMAX
SHELL=2*0
CYCLE0
DT=Oo0
NMAX= 0
XMAX=X(IMAX)
TXMAX=XMAX*2. 0
Yt-AX=Y(JM~AX)
TY14AX=YMAX*2 .0
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C DUMP ON TAPE N7

C WRITE STARTING CONDITIONS FpR TOIL
C
2 REWIND N7

WS555 0
WRITE(N7)WSCYCLEPN3
WRITE(NT}(Z(I)rI:lv150)

WRITE(N7)(U(I),V(I),AMD(I),AMX(I),AID(I)PAIX(I),
1P(I),DKE(I)#I=,KIAXA)
WRMT(NT}(X(I),TA0(1)pI=lIMAX}

WRITE(N7)(Y(I)tI:lpJMAX)
WS=666,0
WRITE(N7)WSWSWS
REWIND N7
RETURN
END

C

SUBROUTINE CARDS CARD0030
DI4ENSION TABLE(1)tCARD(7)tLABLE(1) CARDO040
COMMON TABLE CARDO050
EQUIVALENCE(TABLE(1)PLABLEC1)) CARDO070
WRITE (6#1O) CARDO090

I READ (5,11)IENDI.OCNUMWPC,(CARD(I),1=,PNUMWPC) CARDO100
WRITE (6,12)IENDI.OCNUMWPCP(CARD(I),I=INUMWPC) CARDO1O
DO 4 I=.NUMWPC CARDO120
• =LOC+I-1 CARDO130
IF(IEND-2)2t,52 CARD0140

5 LABLE(J)=IFIX(CARl)(I)) CARD0150
GO TO 4 CARD0160

2 TABLE(J)=CARD(I) CARD0170
4 CONTINUE CARDO180

IF(IEND-1)lt3pl CARDO190
3 RETURN CARD0200

C, FORMATS CARD0210
10 FORMAT(2OHITOIL INPUT. CARDS///)
i FORMAT(I~PI5#I110i'TE9.4) CARD0230
12 FORMAT(1H I4I7,I3p1P7El4s6) CARD0240

END' CARD0250
C
C

SUBROUTINE CDT CDT 0060
C CDT 0780
C *********::~*****************CDT 0010
C ********** A 2 MATERIAL OIL CODE ************************
C.
C Z(138) FOR DENSITY CHECKPIF CELL K CDT 1030
C HAS RHO LESS THAN Z(138) FNO STABILITY CHECK CDT 1040

DONE IN CELL K CDT 1050
'C IF (CABLN) GREATER THAN O, THE DT LOADED WILL REMAIN CDT 1080
C CONSTANT. CDT 1090
C IF(CABLN) =0s CODE CONTROLS TIME STEP BETWEEN FFAFFB CDT 1100
'C IF (CABLN) LESS THAN O. CODE CONTROLSPBUT AT CDT 1110
C Z(139) OF STABILITY. CDT 1120
C s$$$$ Z(139) IS A INPUT NO, ********* CDT 1130
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3000 VEL=090 CDT 1140
3005 DO 3050 I=ltl.
,3010 K=;+l CDT 1
3015 DO 3050 4=,I2
3020 IF(AMX(K)+AMD(K))9901,3050,3025 CDT 1200
C CDT 1320
C CALL EQUATION OF STATE
3025 CALL ES
3030 IF(ABS(P(K))-1.0E'-10)3035r3O35t3O4O
3035 P(K)=090 COT 1340
3040 IF(WSGX-VEL)3050'p,050v3045 CDT 1350
3045 VEL=WSGX CDT 1360
3050 K=K+IMAX CDT 1370
3055 KDT:1 CDT 1380

UVMAX=-1*0 CDT 1390
3070 DO 3255 I=IPII
3075 K=I+I CDT 1410
3095 00 3255 J=lPI2
3100 KP=K+IMAX CDT 1430

IF(AMX(K)+AMD(K))9901p3255p4 CDT 1440
C IF THE DENSITY IS LESS THAN Z(138) WHICH IS A
C INPUT NOP THIS CEll. WILL BE BYPASSED
C FOR STABILITY CONSIDERATIONS,

4 IF((AMXCK)+AMD(K))/(TAU(I)*DY(J))-Z(138))3255,3255,3115 COT 1450
3115 SIG:DX(I) CDT 1460
3120 IF (DY(J)-SIG)31213130P3130 CDT 1470
.3125 SIG=DY(J) CDT 1480
3130 IF(Z(148))]0004000,4001

C SPEED OF SOUND FOR POLYTROPIC GAS.
4000 WS=SQRT(GMAX*TAUi)*DY(J)*ABSP(K))/(AMX(K)+AMD(K)))

GO TO 3205
C SPEED OF SOUND FOR METALS.
4001 WSA=ABS(P(K))*loE+u4

WS=Z(148)+Z(149)*(WSA**Z(150))
WS=WS*I E-3

3205 WS=WS/SIG CDT 1500
3210 IF(UVMAX-WS)3215#3220P3220 CDT 1510
3215 N10=I CDT 1520

Nl=J CDT 1530
UVMAX=WS CDT 1540

3220 IF(NMAX)}plp2 CDT 1550
1 CONTINUE CDT 1560
3 WS=ABS(U(K))/TAU(I)*X(I)/,5*PIDY CDT 1570

GO TO 3225 CDT 1580
2 WS=ABS(U(K]}/DX(I) CDT 1590

3225 IF(UVMAX-WS)3230F3235p3235 CDT 1600
3230 UVMAX=WS CDT 1610

N1O=I CDT 1620
Nll=J CDT 1630

3235 WS=ABS(V(K))/DY(J) CDT 1640
3240 IF(UV14AX-WS)3245p3250,3250 CDT 1650
"3245 N10=I CDT 1660

Nli=J CDT 1670
UVMAX=WS CDT 1660

3250 CONTINUE CDT 1690
3255 K=K+IMAX CDT 1700

C SAME TIME CONTROL OPTIONS THAT

li ~ - ~-
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C EXIST IN OIL
C NiO AND Nil CONTAIN THE COLUMN
C AND ROW NO. OF THE CELL THAT IS

C CONTROLLING DT.
3260 IF(CABLN)90#91P

3300

90 IF(Z(05)-Z(139))7001p7
000 v7000

7000 Z(105)=1.
GO TO 7002

7001 Z(105)=Z(105)*Z(106)
7002 DT=*5/VEL/UVMAX*Z(139)*Z(105)

GO TO 3295 
CUT 1730

91 WS=UVMAX*DT 
COT 1740

WSAZO5/VEL 
CDT 1760

3265 IF(FFA--WSA)3276,3276p3279 CDT 1770

3k70 FFAZWSA CUT 1780
3R76 IF(WS-FFA)3285P3309) 3280 COT 1790
3280 DT=DT/WS*FFB/0 9  CDT 1800

GO TO 3295 CDT 1810

3285 IF(WS-FFB)3290p 3 2 O 3300  CDT 1810

3290 DT=DT*FFA/WS*0.9 
CDT 1820

3295 KDT=O 
CUT 1830

3300 T=T+DTNA 
CDT 1840

85 IF(DTRAD)991ll8
0 '8l 

COT 1850

80 NR=NRM 
CDT 1860

84 wS=NR 
CUT 1870

TRAD=DT/WS 
CDT 1880

GO TO 82 
CDT 1890

81 IWSDT/DTRAD 
CDT 1910

NR=IWS+l 
CUT 1910

83 IFiNR-NRM)84'
84 p80  

CDT 1920

82 NC=NC+I 
COT 1930

CYCLE=NC 
CUT 1940

NPC=NPC+l 
COT 1950

3305 IF(T)9909P33
20F3310 

COT 1960

3310 IF(KDT)9910
3315',3 20 

COT 1970

3315 WRITE (6,8000)T2DTNAtDT 
COT 1980

3320 DTNA=DT 
COT 10

GO TO 3325 
COT 2000

9901 NK=3020 
CDT 2020

Go TO 9999 
CDT 2030

9909 NK=3305 
COT 2040

GO TO 9999 
COT 2050

9910 NK=3310 
CDT 2060

GO TO 9999 
COT 2070

9911 NK=85 
COT 2080

9999 NR=2 
COT 2090

C 
COT 2100

CALL DUMP 
CDT 21230

3325 RETURN 
CT 2130

0000FORMAT (17HOCHANGE DTr T=lPE9g3,llH DT(N)=lPE9 3,t13H OTCDT 2140

I(N+I)=IPE9*3) 
CT 2150

END 
CT 2160

C
C 

---------- ------

SUBROUTINE PHI 
PHI 0030

C ***** ** A 2 MATERIAL OIL CODE **************************
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C PHI 0990
C SINCE WE INITIALIZE THE BOUNDARY CONDITION

AT THE LEFT FOR THE FIRST COLUMNp AND THE
BOTTOM BOUNDARY CONDITION OF THE FIRST CELLP

C VE NEED ONLY CONCERN OURSELVES WITH
C CALCULATING QUANTITIES AT THE TOP AND RIGHT
C OF EACH CELL, SINCE THE LEFT AND BOTTOM
C HAVE ALREADY BEEN CALCULATED.
C *** STANDARD PH,1 VELOCITIES AT CENTER OF CELL *** PHI 1010

C INTEGRATION OF VELOCITIES AND INTERNAL ENERGIES PHI 1020
C REQUIRING 2 PASSES PHI 1030

ETH1=0,
NRT=O
NRC=O

8000 VEL=1,0 PHI 1090

C INITIALIZE MID-POINTS OF FIRST AND SECOND CELL
C IN THE R DIRECTION*
3301 RC=DX(1)/2.0 PHI 1100

RR=(X(1)+X(2))/2,0 PHI 1110
C AXIS OF SYMMETRY COUNDARY CONDITIONS
C
3304 K=2 PHI 1120

DO03302 J=loJMAX PHI 1130
PL(J)=P(K) PHI 1140
UL(J)=O.O PHI 1150

3302 K=K+IMAX PHI 1160
C FIRST PASS, CALCULATE U AND V TILDA, AND
C THE WORK TERMS USING PRE-PHI VELOCITIES.
C SECOND PASSt CALCULATE ONLY THE WORK TERMS
C USING THE NEW VELOCITIES (U AND V TILDA)

DO 3360 I=lp11
8 K=I+l

IF(CVIS)7002,7003,7003 PHI 1240
C BOTTOM BOUNDARY IS TRANSMITTIVE.
7002 VBLO=V(K) PHI 1250

PBLO=0O PHI 1260

GO TO 7004 PHI 1270
C BOTTOM BOUNDARY IS REFLECTIVE.
7003 VBLO=O.0 PHI 1280

PBLO=P(K) PHI 1290
7004 TAUDTS=TAU(I)*DT PHI 1300

4 00 3348 J=leI2
PIDTS=1,0/(PIDY*DT*DY(J)) PHI 1360

C K IS INDEX OF CELL IN QUESTION.
C N IS INDEX OF CELL ABOVE,

N=K+IMAX PHI 1370
IF(VEL)3305,3305#3303 PHI 1380

3303 CONTINUE
3305 IF(AMD(K)+AMX(K))9902u334 0,3306  PHI 1400

3306 IF(IMAX-I)9903,3 311,3310 PHI 1410

.3310 IF(AmD(K+1)+AMX(K+i))9904,3312,3314  PHI 1420
*c WE ARE AT THE RIGHT BOUNDARY OF THE GRIDt
C SET PRESSURE GRADIENT TO. ZERO, AND MODIFY
C ETH.
'3311 PRR=PL(J) PHI 1430
3307 ETH=ETH-PRR4U(K)/PIDTS*RC PHI 1440

GO TO 3313 PHI 1450
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C THE BOUNDARY COND7TION FOR A EMPTY CELL ON
c THE RIGHTt THE PRESSURE AT THE RIGHT

ItITERFACE=O. AND THE VELOCITY IS THAT
c OF THE CELL CENTER.l

3312 PRRO.a0 PHI 1460
:3313 URR=RC*U(K) PHI 1470

G0 TO 3316 PHI 1480
C CALCULATE PRESSURE AND RU AT INTERFACE I
3314 PZRR(P(K)+P(K+1))/2.0 PHI 1490
3315 URR=(U(K)*RC+U(K+!):*RR)/200 PHI 1500
3316 IF(JMAX-J)9905p,33l8p3320 PHI 1510

C SET PRESSURE GRAD7ENT TO. ZEROP FOR TOP OF
C GRIDP AND MODIFY F:.tH.
3318 PABOVE=PBLO PHI 1520
3319 ETH=ETH-PABOVE*V( K) /2 *0*TAUDTS PHI 1530

GO TO 3323 PHI 1540
3320 IF(AMD(N)+AMX(N) )'9O6p3322p33a4 PHi 1550
C CELL ABOVE IS EMPTY, SET TOP BOUNDARY
C CONDITIONS, PRESS!'RE AT TOP SURFACE~O.
C AND VELOCITY =TH.JT OF CELL.
3322 PABOVE=0*Q PHI* 1560
3323 VABOVE=V(K) PHI 1570

Go TO 3328 PHI 1580
C CALCULATE PRESSUR:' AT INTERFACE (J)

3324 PABOVE=(P(K)+P(N))/2.0 PHI 1590
IF(CVIS) 700i1 3325,3325 PHI 1600

- 7U01 IF1-J)3325,7000t, 905
C BOTTOM BOUNDARY CrN~DITION OF GRID IS REFLECTIVE,*
C AND WE HAVE ALREAD)Y SET THE CONDITIONS.
CI
C BOTTOM BOUNDARY 0:: GRID IS TRANSMITTIVEr SET
C PRESSURE GRADIENT TO ZERO AND MODIFY ETH.
7000 PBLO=PABOVE PHI 1630

ETH=ETH+PBILO*V (K) /2 * *TAUDTS PHI 1640
C CALCULATE VELOCITY AT INTERFACE W)
3325 'ABOVE=(V(K)+V(N))/2.0 PHI 1650
3328 IF(VEL)99073404'j4I0o PHI 1660
C CALCULATE THE U AN~D V TILDA GUANTITIES
3400 V(K)V(K)+PBLO-P,OVE'I*TAUDTS/(AMD(K)+AMiX(K)) PHi 1670
3402 U(K)=U(K)+(PL(J)-',RR)/(AMX(K)+AMD(K) )*RC/PIDTS*2.0 PHI 1710
C CHECK FOR ADVANCING ACTIVE GRID COUNTERS IN
C THE R DIRECTION.
3104 IF(I-II)6016t6005i60o5
6005 IF(U(K))6605r6606i6605
6605 NRC=I
6606 1F(V(K))66o7p600'4,6607
6607 r-jRC=J.
6004 IF(AIX(K)+ AID(K))601li,6O16,&015
6015 NRC1I
6016 CONTINUE
6044 w.S=VLOVABOVE)*TAUDTS/2.0*P(K)

-CALCULATE THE CHANGE IN INTERNAL ENERGY
C DUE TO PRESSURE FORCES ONLY.

0E=WS+(UL(J)-URR) /PIDTS*PNK)
34.05 CONTINUE
3331 IF(AMD(K) )9908p3332r3334 PHI 1770
3332 AIXW=(AlX(K)+DE/AMX(K)
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GO TO 3342

33,34 IF(A,.X(K))9909,3326,333p PHI 1800
53 6 AID {:}AID(K)+DE/AMD(K)

GO TO 3342
C CONVERT TO SPECIFTC INTERNAL
c. ENERGY FOR EACH MATERIAL.
3338 FS=AMX(K)/DKE(K)+AMDK)/(1,-DKE(K))

WSD=DE/(1.-DKE(K))/FS+AID(K)
WSX=DE/DKE(K)/FS AIX(K)

1U22 AIX(K)=WSX PHI 2220
AID(K)=WSD PH 2230
GO TO 3342 PH 2240

C CAME HERE BECAUSE CELL IN QUESTION IS EMPTY.
C SET INTERFACE QUANTITIES ASSUMING CELL ABOVE
C AND TO THE RIGHT. ARE NOT VOID.
3340 PRR=00 PH 2250

URR=U(K+1)*RR PHI 2260
PABOVE=0 0 PH 2270
VABOVE=V(N) PH 2280

C SET RIGHT QUANTITTES TO THE LEFT (FOR
C NEXT COLUMN SWEEP) AND ABOVE QUANTITIES
C TO BELOW FOR NEXT CELL ABOVE.
3342 VBLO=VABOVE PH. 2290

: PL(J)=PRR PHI 2300
UL(J)=URR PH 2310
K=N PHI 2320

-3348 PBLu=PABOVE fH1 2330
C CHECK FOR ADVANCIOG ACTIVE GRID COUNTERS
C IN (J) DIRECTION,

LL=K-IMAX
IF(U(LL))6OOOP600.6000

6000 NRT=.
6001 IF(V(LL))6O02p6003P6002
6002 NRT=I
6003 IF(AIX(LL)+AID(LL))617p60.860.7
6017 NRT=1
6018 CONT1NUE
3355 RC=RR PHI 2340

RR=(X(I+1)+X(I+2))/2,0 PHI 2%0
3360 CONTINUE PH1 2360
3361 IF(VtL)99lj?7030t3363
3363 VEL=O.O PH 2380
C RECYCLE FOR SECONO PASS.

GO To 3301 PHI 2390
C ERROR PHI 2400
9902 NK=3305 PH 2410

GO To 9999 PHI 2420
9903 NK=3606 PH. 2430

GO To 9999 PHI 2440
9904 NK=3610 PH 2450

GO TO 9999 PH 2460
9905 NK=3616 PH 2470

GO TO 9999 PH 2480
9906 NK=3620 PHI 2490

GO T3 9999 PH 2500
9907 NK=328 PHI 2510

GO T. 9999 PH 2520
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PHI 2530

9908 NK=3331 PHI 2540

GO TO 9999 PHI 2550

.9909 N 
PHI 2560

GO TO 9999 PHI 2570

9911 NK=3361 PHI 2580

-.9999 NR=3 PHI 2590C PHI 2610

CALL DUMP
C SET VELOCITIES ANO INTERNAL ENERGY

C (FOR SMALL VALUES) TO ZERO.
C ALSO NEGATIVE INTERNAL ENERGIES

7030 DO 10 K=2tKMAX
IF(ABS(V(K))-Z(145))340It3401pl

3401 ETHJ:ETHI+(AMX(K):AMO(K))/2*(V(K)**
2)

V(K)O.
111F(ABS(U(K))-ZIR ))3403,3403'12

3403 ETH1=ETHI+(AMX(K).-AMU(K))/2,*(U(K)**2)
U(K):O,

12 CONTINUE
IF(ABS(AIX(K)) -Z(1L45)) 8002#8002,8003

8002 ETHI=ETH1+AMX(K)4:AIX(K)
AIX(K)=O,

:8003 IF(ABS(AID(K)) -Z(i45)) 6004PB80048005
8004 ETHIET-Hl+AMU(K),X

IO (K)
AID(K)=0,

8005 CONTINUE
10 CONTINUE

C INCREASE ACTIVE GRID COUNTERS.
I1=11+NRC
I2=I2+NRT
ETH=ETH-ETH1
IF(I1-IMAX)6100t

6 l00t6200

6200 II=IMAX
6100 IF(I2-JMAX)6201Ft

2016202
6202 12=JMAX
6201 RETURN PHI 2770

END
C

C-- --- -- -- ------ -------- - - - - - - - -l --* - -- S

C

SUBROUTINE PH2
C ******* A 2 MATERIAL OIL CODE P

C 
PH2 0740

C FOR X MATERIAL
C AMPY = MASS AT TOP

C AMUT =RADIAL mOMENTUM
C AMVT = AXIAL MOMENTUM
C DELET : ApCIFIC ENERGY

F C
C FOR DOT MATERIAL
C TOM MASS AT TOP
tC TOXM RADIAL MOMENTUM
C TOYM = AXIAL MOMENTUM

TOTE SFECIFIC ENERGY

C FOR X MATERIAL
C ANZP = MASS AT RIGHT
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AMUR =RADIAL MOV NTUM
C AMR = XIALMOK'.JUM

DEL(QR SPECIFIC ENERGY
C
C FOR DOT MATERIAL
C RDM MASS AT RIGHT

RDXM RADIAL MOIt*''N\TUM
C RDYM AXIAL MOMENTUM
C RDTE SPECIFIC E;:-RGY

C FOR X IMATERIAL
C AMMY ZMASS AT BOI TOM

C AMMU = RADIAL MOM'ThTUM
C AMMV =AXIAL MOMFITfUM
C DELEB Z SPECIFIC l.;IERGY
C
c FOR DOT MATERIAL
C UDM MASS AT BOTY')M
c BDXM RADIAL MO.". :TUM
C BDYM AXIAL MOMEi:TUM
C BDTE SPECIFIC EV! RGY
C
C FOR X MATERIAL
c GAMC =MASS AT TWE LEFT
C FLEFT =RADIAL MO0 ::NTUM
C fAMC = AXIAL MOME;!TUm

C SIGC = SPECIFIC E: -RGY
C
C FOR DOT MATERIAL
C DMASL =MASS AT T:' LEFT
C DXML = RADIAL MO'A TUM
C DYML =AXIAL MOME RiM
C DENRG =SPECIFIC ,IERGY

ETHIO0.
RECYCO.9
NRT=O PH2 1020
N.RC= PH2 1030
REZO.90 PH2 1040
CALL SLITE (0) PH2 1050
PIDTS=190/(PIDY*OYf) PH2 1060

C SET iOUNDARY CONDJ.IONS FOR THE AXIS OF SYMMETRY'
101 00 103 J1,pJMAX Pl12 1070
102 GAMC(J)=090 PH2 1080

FLEFT(J)=0.0 PH2 1090
YAMC()0=.0 PH2 1100
SIGC(J)=0.O PH2 1110
UMASL(J) =0.
0XML(J?=0o
DYML(J)=0*
DENRo(J)=0.

103 CONTINUE P212
B3EGIN 0O LOOP ON I P212

104 DO 547 1=1,11 PH2 1130
105 KI+ PH2 1140

105 =I~lPH2 1150
80 IF(AMX(K)+AMD(K))9900v97?81
61 IF(V(K))82,97#97 PH-2 1170
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C NO MASS FLUX P21897 AMMV=0*0 P218
BDYM=Oo
0O TO 98

C CHECK BOTTOM BOUNDARY OF GRID
*82 IF(AMX(K))9900,2?3
C DOT ONLY
2 ND~1

GO TO 6
3 IF(AMD(K))9900e4p5

C X OlqL(
4 ND=O

GO TO 6
C MIXtE) CELL

5 ND=-1
C MASS OUT OF THE BOTTOM OF THE GRID

6 WS=(AMX(K)+AMD(K))k:V(K)/DY(J)*DT
C CHECK FOR MORE THAN EMPTYING THE CELL

7 IF(*z.+AMX(K)+AMD(K())8p9p9
8 AMMY=-AMX(K)

BDM=-AMD (K)
GO TO 85

C THE RESPECTIVE FLUX:ES ARE PROPORTIONATE 70 THE MASSES
9 WSA=AI4X(K)+AMD(K)

AMMY:S*AMX (K) /WSA
60Dt=,,:S*AMD (K) /WSA

-35 lF(CVlS)i699p99
C BOTTOM BOUNDARY IS TRANSMITTIVE*

106 WS=(U(K)**2+V(K)**2)/2*
IF(NO) 11,10,11

C X MATERIAL ONLY
10 AMMU=AMMY*U(K)

AMMV=AMkMY*V (K)
DELE&=AIX (K) +WS
ETH=ETH+AMMY*DELEB
GO To 107

C DOT FOR SURE AND PERHAPS X ALSO
11 BDXM::bJM*U(K)

BDYM:E6DM*V (K)
BDTE=AIE'K)+WS
E TH=4~T H +BDW43DTE
IF(NL)10#107tl0?

C BOTTOM" BOUNDARY IS REFLECTIVE
99 AM4V .*AMMY*V (K)

t3DYM~-. *BDM*V (K)
98 AMMY.-O.

f3DPI=O.
AMMU0.
bDXMzo.
DELE0.
bDTE:O.
(iEG1iv CO LOOP IN THE J DIRECTION

1O7 Do 540 J1lt12 PH2 1340
108 1-=K + -% AX PH2 1350

VEL=).0 PH2 1390
FS=O.o PH2 1400

C BL-CALCULATION OF VAL3OVE.
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210 IF(JMAX-J)alU,211i207 PH2 1410

C AT TOP BOUNDARY OF GRID.
211 VEL7-1.0 PH2 1420

GO TO 208 PH2 1430

207 IF(AMX(L)+AMD(L))Rt5p2l5 v21 4

214 IF(AMX(K)+AMD(K))216t216t209
216 VABOVE=V(L) PH2 1460

GO TO 212 PH2 1470

215 IF(AMX(K)+AMD(K))205t205p208
205 VABOVE=090 PH2 1490

GO TO 212 PH2 1500

208 VABOVE=VfK) PH2 1510

GO TO 212 PH2 1520

209 VABOVE=(V(K)+V(L))/2.0 PH2 1530

212 CONTINUE 
PH2 1540

C NOW WE HAVE VABOVE
C BEGIN CALCULATION OF URIGHT

404 IF(IMAX-I)412#412 '00 PH2 1580

405 IF(AMX(K+1)+AMD(K-. ))41lt 411F409

409 IF(AMX(K)+AMD(K))jj-0p4lOp4O7
410 URR=U(K+1) PH2 1610

GO TO 408 PH,2 1620

411 IF(AMX(K)+AMD(K))1'03t403t4O6
*403 URR=0.0 

PH2 1640

GO TO 408 PH2 1650

412 FS=190 PH2 1660

*406 URR--iU(K) PH2 1670

Go To 408 PH2 1680

407 URR=(U(K)+U(K+1))/ 2 e0 PH2 1690

408 CONTINUE PH2 1700

109 CONTINUE
C CHECK HERE FOR EMPTYING THE PROJECTILE FOR
C IMPACT PROBLEMS
C Ztla2) = INITIAL AXIAL VELOCITY.
C Z(113) = EPSILONICSP LIKE .05

301 IF(VABOVE)300#304p302 PH2 1720

302 IF(AMX(K)+AMD(K))9 9O~t3O4 t8 8OO
8800 IF(J-1)9900t30308801  

PH2 1740

8801 KPK -1MAX 3  
PH2 1750

8a03 IF(ABS(VABOVE-Z(112))/Z(112)-Z(
113))30 6p30 3 p30 3  PH2 1770

303 M=K 
PH2 1780

JJ=J PH2 1790

GO TO 307 PH2 1800

304 AMPYO.90 PH2 1810

T0M=0 o
308 AMUT=090 PH2 1820

TDXM=Oo
AMVTO. 0 PH2 1830

Toyr-1=0
DELETO.*0 PH2 1840

TOTL=Oo
GO TO 501 PH2 1850

300 IF(VEL)9901,305t3O4 PH2 1860

-305 IF(rAMX(L)+AMD(L))9903t3 Oi t3Ob
306 M=L PH2 1880

JJ=J+i. PH2 1890
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307 IF(VEL)6130#6130,6.40 P210
6130 WSA=(V(K)+V(L))/2,0 

P210

WSB=1.0+(V(L)-V(K} )/(DY(JJ)*SBOUNV))*DT PH2 1920
VABsOJE=WSA/WSB PH2 1930
HERE WE HAVE CALCULATED THE MASS FLUX AT THE TOP#

C THIS MAY CONSIST OF BOTH X ANJD DOT
C MATERIAL. NO DISTJ(NCTION Y~ET9
6140O AMPY=(AMX(M.)+AMD(i4) )*VABOVE/DY(JJ)*DT
501 IF(URR)500#504t5?. PH2 1950
502 IF(AMX(K)+AMD(K))cl'00p504p5O3

*503 M=K PH2 1970
N= I PH2 1980
GO TO 508 PH2 1990

504 AMmP=O.o PH2 2000
AMUR=Ooo PH2 2010
AMVR090 PH2 2020
DELERO. 0 PH2 2030
RDM=0.
RDXMO.9
ROYM=O.
RDTE=O.
GO TO 9500

500 IFF)95#0P0 PH2 2050
506 iF(AMiX(K+1)+AMD(K;.,I))9904,50LF,507
507 M=K+1 PH2 2070

NZ1+l PH2 2080
-508 IF(FS)6100p6l00t6!tO PH2 2090
6100 WSA=(U(K)+U(K+))/..!

WSB=1.0+,U:K+1)-U'l ))/(DX(N)*SBOUND)*DT PH2 2110
URR=WSA/W~SB PH2 2120

6110 DEN=(AMX(M)+AMD(M! )/TAU(N)
C HERE WE HAVE CALCI".ATED THE MASS FLUX AT THE
C RIGHT# THIS MAY C .15IST OF BOTH X AND DOT
C MATERIAL. NO DIST.,:!CTION MADE YET

AMMPDEN/PIDTS*X (:1)/,5*URR PH2 2140
C
C
C BEGIN HERE TO CALCUJLATE THE FLUX FOR
C EACH MATERIAL. TH.". FIRST PASS THROUGH,
C WE CALCULATE THE l.UX FOR BOTH
C MATERIALS (IF NEC;SSARY) AT THE TOPP THE
C SECOND PASS IS FOR THE RIGHT SIDE.
C
C 140TEP THE RULES TO FOLLOW FOR
C TRANSPORTING OF BOTH MATERIALS ARE
C EXPLAINED IN DETAI4L IN THIS REPORT
C
9500 IF(AMPY)13*F26,4600
4600 IF(Af4X(L)+AMD(L))'9900p170r14
170 &7F(AMX(K))171,171i172-
172 IF(AMD(K))173pl73#722

*171 CONTINUE
174 TDM=AMPY

GO To 733
173 GO To 26
13 IF(AM.X(K)+AMD(K))9900,'190f14

190 IF(AMX(L))191?191,192
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192 IF(AMD(L))19301 93'23
191 IF(ArMD(L)+AI4PY)195i,194vl94
194 TOW-lAM*PY

GO To 733
195 GO TO 733
1.93 IF(AMX(L)+AMRY)197,26#26

197 Go To 26
14 IF(AMX(L))9900pl6p18
16 ND1l

Go To 17
18 IF(AMD(L))9900t19 t20
19 ND=0

(30 TO 17
20 ND:-1
17 IF(AMXCK))9900#73t75
73 NX1l

GO TO 720
75 IF(AMD(K))990o,76 t51
76 NX~o

GO TO 720
51 NX=-l
720 IF(AMPY)22p26#726

22 IF(NX)24,25#25
25 1F(ND)15#193t28
26 TDM=0o

GO TO 27
24 IF(ND)23#193t28
23 IF(AMX(K)+AMDIK)) 975,975,976
975 KK=L

Go To 977
976 KK=K
977 wS=AmX (KK) +AMD (KK)

WSA=AMPY
AMPY=WSA*AMX (KK) /I!S
TDM=WSA*AMD (KK) /WS

252 CONTINUE
00TO 27

28 TDMZAMPY
IF(TDM+AMD(L)) 73PP732P733

732 TDM =-AMD(L)
733 AMPYO.#

GO TO 27
15 lF(NX)9900v29t31

29 1F(AMX(L)+AMPY)32726p26

32 WS=AMX(L)+AMPY
AMPY=-AMX(L)
IF(AMX(L) )940l,9401'33

9401 'AMPY=Oo
33 IF(WS+AMD(L))35'34'34

34 TOM=WS
GO TO 27

35 TDM=-AMD(L)
Go TO 27

31 1F(A14D(L)+AMPY)721,994O1
994O

'9940 TDtMFAMPY
AMPYO.,
GO TO 27
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721. Totm-AMD(L)
36 W~SAMD(L)+AMPY
37 IF(ViS+AMX(L))39p3 3p38
38 i%,%PY=WS

Go To 27
39 AMPY=-AMX(L)

GO To 27
722 IF(AMX(L)+AMD(L)) 972,972,970
972 KK=K

GO To 971
970 KK=L
971 WS=AMX(KK)+AMD(KK)

WSA=AMPY
AMPY=WSA*AMX(KK)/NIS
1'DM~wSA*AMD (KK) /WS

182 CONTINUE
9971. CONTINUE

GA~ To 274 726 IF(ND)4lU40,'4O
'40 lF(NX)42#73QP1 71

730 CONTINUE
Go To 26

60 IF(AMX(K)-AMPY)72.3P26v
26

723 WS=AMX(K)-AMPY
AMPY=AMX(CK)

43 IF(WS+AMD(K))46"t5 '45
45 TDM=-WS

GO To 27
46 TDM=AMD(K)

GO TO 27
72'4 IF(AMD(K)-AMPY)

7 0pl 28r128

1.28 TDM=AMPY
kmpy~0.
GO TO 27

70 TDM=AMD(K)
WS=AMD (K) -AMPY

47 IF(WS+AMX(K))49t48t48
48 AMP'(=-WS

GO To 27
'49 AMPY=AMX(K)

Go To 27
27 CONTINUE

IF(RECYC)152rl5 0 rl52

150 RECYC1.*
SAVE 1=AMPY
SAVE2=TDM'
ISAVE1=K
I SAVE2=L

94f03 L=K+1
9601 AMFAY=AMMP

TDM=Oo
* GO To 9500

152 AMMP=AMPY
RDM=TDM
AMPY=SAVE13
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TDM=SAVE2
K=ISAVEI
L=ISAVE2
RECYC=o.

C
:C NOWP WE HAVE THE 45 POSSIBLE FLUXESP
C NOW BEGIN CHECKING FOR PREFERENTIAL
C MASS MOVEMENT BECAUSE OF CHOICE OF
C INDEXING*
C THE LOGIC OF CHECKING INVCLVES LOOKING
C AHEAD IN THE J AND I DIRECTIONS# THE
C PROGRAM CONTINUES FOR THE NEXT 5
C PAGES OR So UP TO STATEMENT NO, 5500

3)06 !F(GAMC(J)+DMASL(J) )3o07,t3002t3OO2
C00 WS=AMX(K)+GAMCUJ)

WSA=AMD (K) +DMASL (4)
GO TO 3008

3002 W~S= AMX(K)
WSA=AMD(K)

3008 IF(AMMY+6DM)3009l50l0p3010
3009 WS=WS+AMMY

W SA=WSA+BDM
31010 IF(AMPY+TDM)3012,..013t3011
3013 TF~o.

GO TO 3014
3012 TF=-1.

GO TO 3014
3011 TFZ1.
3014 IF(AMMP+iRDM)30l7p30l6p30l5
3016 TR=0.

GO To 3018
3017 TR=-lo

GO TO 3018
3015 TR=1*0
3018 IF(TF)3030p3019t,3019
3019 IF(TR)3025p3025i3020
3020 IF(WS-AMPY-AMMP) 3021p3022p3022
3021 WSSAMPY+AMMP

AMPY=AMPY/ W5S*WqS
AMMPZAMMP /WSS*WS

3022 IF(WSA-TDM-RUM) 3023t3024t3024
3023 WSS=TDM+RDM

TDM=TDM/WSS*WSA
RDM=RDM/WSS*WSA
GO TO 3024

3026 AMPY=WS '
3027 IF(WSA-TDM)3028f3100,3100
3028 TUM=WSA

GO TO 3100
3030 IF(TR)3100t3100p3040
3040 IF (wS-AMMP) 3050r3051,3051
3050 AMMP=WS
3051 IF(WSA-RDM)3052p3100,3l00
3052 RDM=WSA
3100 IF(TF)3159,3200.3200
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* 3159 IF(VEL)3101,3101#3200

3101 IF(FS)31O3p,33l12
5102 FRA=U(L)

GO TO 3104
33.03 FRA=(U(L)+U(L+1))/2-
3104 IF(FRA)3158P,3153t3l05

* 3158 FRA0.o
GO To 3150

3105 FRA=FRA*(AMX(L)+AMlD(L) )d'(TAU(I)*DYCJ) )*2.*PIDY
1*X(1)*DY(J+1)*DT

3150 IF(J+1-JMAX)3152,3151v3152
3151 FTA=V(L)

KA=L
Go To 3154

3152 KA=L+IMAX
3153 FTA=(V(L)+V(KA)):X-5
3154 IF(FTA)3155r3155f.'M57
3155 FTA=0.

GO TO 3156
3157 FTA=FTA*(AMX(L) -AMD(L))*DT/DY(J)
3156 IF(DKE(L))3166p,Z20O,3l66
3166 GO TO 3500
3500 IF(GAMC(J+1)+DMASL(J+1))3502,3501,3501
3501 WS1=AMX(L)

WS2=AMD (L)
GO TO 3503

3502 WS1AX(L)-GAMC(,J+1)
WdS2=AMD (L) -DMASL (J+l)

3503 IF(AMPY+TDM)35OI '3162p3162
3162 WS=Os

WSA=0.
GO TO 3505

3504 WS=AMPY
WSA=TDM

3505 IF(FTA)3700P3700r3506
3506 IF(DKE(L))3900v3508F3508
3900 IF(DKE(L)+lv)3507#3509p3509
3507 %S,-WS-FTA

GO TO 3700
3509 WSA=WSA-FTA

GO TO 3700
3508 IF(DKE(KA))390lt390lv3510
3901 IF(DKE(L)+1.0)35l5p3511,3511
3510 FTAX=AMX(KA)/(AMX(K A)+AMD(KA))*FTA

FTAD=AM(KA)/(AMX(KA)+AMD(KA) )*FTA
GO TO 3520

3511 FTAU=FTA
3512 IF(AMD(Lf-FTAD)3514P35l3r3513
3513 FTAX=O

GO To 3520
3b14 FTAX=FTAD-AMD(L)

FTAD=AMD(L)
GO TO 3520

3515 FTAX=FTA
3516 IF(AMX(L)-FTAX)3517r3518P3518
3518 FTAD=0.

(;o To 3520
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FTADOFTAX-AMX.( L)
FTAX=AMX CL)
GO TO 3520
ws~ws-FTAX
WJSA1ISA-FTAD
Go TO 3700
IF (FRA)3800 ,3800 p3701
IF(DKE(L) )3902,3902p3708
IF(DKE CL) +1.)37Oa,3703o37o3
WSA=WSA-FRA
Go TO 3800
WS=WS-FRA
GO TO 3800
IF(DKE(L+l) )3903t3903#3710
IF(DKE(L+1)+1. )3715,3711P371j.
FTAX=AMX(L+1)/(Ai,'XCL+1)+AMD(L+1) )*FRA

FTAD=AMD(L+1)/(A~iX(L+1)+AMD(L+1) )*FRA
WS=WS-FTAX
WSA:WSA-FTAD
Go To.3800
FTAD=FRA
IF (AMD(L+1)-FTAD) 3714p37X3p3713
FTAX=0.
GO TO 3750
FTAX=FTAD'AMD (L+1)
FTAD=AMD (L+l)
GO TO 3750
FTAX=FRA
IF(AMXCL+1)-FTAXv)371993

718'37 18

FTAD=Oo
GO TO 3750
IFTAD=FTAX-AMX CL+1)
FTAX=AMX (L+1)
GO TO 3750

I IF(wS-WSI)3802P3802p
380 1

AMPY=-Ampy/ws*wsl
IF (-WSA-WS2) 3200 t3200rv3803
TDm=-TDM/WSA*WS2

IF(TsR)4o003 024 t3O24

WSIZAMX(K+1)
WS2=AMD(K+l)
IF(J-1)3999,4 001P3 999

LIF(I-IMAXN4020 3O 4 P4002

! FB=V(K+1)
IF (CVIS)LI00%40lOOS4

005
) IF(I-IMAX)4003r3

024,LI003

5 KB=K+1-IMAX
FB=(V(K+1)+V(K8) )*95

i~ IF(F8)LI006,4005p
4005

5 WS=00
wsA~o.
GO TO 4100
IF(DKE(K+1))4030s

3024'4007

? KB=K+1-IMAX
FB=FB*(AMX(K+1)+AMD(K+1) )/DY(J)*DT
IF(DKE(KB) )4014v4013p40ll

5 KB=K+l



GO TO 4011 101
4011 FBAX=AMX(KB)/AtX.(KB)+AMD(KB))*FB

FBAU=AMD(KB)/(AMX''(KB)+AMD(KB))*Fb
4012 SWS+FBAX

WS AZWSA+FBAD
GO TO 4100

4014 IF(DKE(KB)+J..0)40115,q.019,40-9
4015 FBAX=FB
4016 IF(AMX(K+1)+FS)4018,4017,t4017
4017 FBAu=00

Go TO 4012
4018 FBAXZ-AMX (K+1)

FBAD=AMX(K+1)+FB
GO TO 4012

4019 FBAO=FB
4020 IF(AMD(K+1)+FB)L!022v4021,4021
4021 FBAX=Oe

GO TO 4012
4022 FBAD=-AMD(K+l)

FBAXZAMD (K+J.) +FB
GO TO 4012

4030 FB:FB*(AMX(K+1)+:.ID(K+1))/DY(J)*DT
402IF(DKE(K+1)+1.0)'*032,403l,403l
402WS=WS+FB

GO To 4100
4031 WSA=WSA+FB
4100 IF(I+1-IMAX)4102;4lF1014102
4101 FRR=U(K+1)

GO TO 4103
4102 FRR=(U(K+1)+U(K+Z))*,5
4103 IF(FRR)4200#4200;4104
4104 IF(DKE(K+1) )4130;4200,4105
4130 FRR=FRR* (AMX(K+1h+AMD(K+1) )/(TAUI*DYJ) )*2.0*PIDY

1*X(I+1)*DT
4140 IF(DKE(K+1)+1*UG)4r442p4l42
4141 WS=JS-FRR

GO TO 4200
414 2 WSAZWS-A-FRR

GO TO 4200
4+105 KRZK+2
4106 FRR=FRR*(AMX(K+1)+AMo(K+1) )/UrAU(I)*DY(J) )*2.0*PIDY*

1XfI+1)*DT
4107 IF(DKE(KR))411Qv4109p4l08
4109 KR=K+1

GO To 4108
4108 FBAXA.X(KR)/(AMX(KR)+AMDiKR) )*FfRR

FBAO=AMD(KR)/(AMX(KR)+AMD(KR) )*FIR
4150 WS=WS-FBAX

W SA~wSA-FBAD
GO To 4200

*4j10 IF(DKE(KR)+o0)41124111,4111
4111 FBAD=FRR
4116 IF(AMD(K+1)-FRR) 4118t4117t4117
q117 FBAX=0.

Go To 41.50
4118 FBAD=AMD(K+1)

F%.2AX=FRR-AMD(K+l)
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GO To 41450
4112 FBAX=FRR
4113 IF(AMX(K+1)-FRR),kt15,4ll

4t4ll4

4114 FBAD=O.
Go TO 4150

-411l5 FBAX=AMX(K+1)
FBAD=FRR-AMX (K+l)
Go TO 4+150

4200 IF(VEL)4203#4203"0
2O1

k201 IF(FS)4202#4202t4.OO
4202 FAB=V(K+1)

GO TO 4206
4203 IF(FG)4201+4204t'l-OO
4204 KA=K+1+LMAX
4205 FAB=(V(KA)+V(K+1))*o5
4206 IF(FAB)4300,430Ot"

2 07
4P.07 FAB:FAB*(AMX(K+1)-:AMD(K+1) )/DYUJ)*OT
4208 IF(OKE(K+W)420

9 "3 00 4212

4212 KA=K+1+IMAX
Go TO 4220

4209 IF(DKE(K+1)+100)'1Olp
4211 t4211

4210 WS=WS-FA8
GO TO 430Q

4211 WSA=VISAFAB
GO TO 4300

4220 IF(DKE(KA) )423O,114,P~l4222
.4221 KA=K+l

L70 TO 4222
4222 FBAX=AMX(KA)/(AMXv(KA)+AMAD(KA) )*FAB

FBADAMD(KA)/(AMX(KA)+AMiD(KA) )*FAB
4250 WS=WS-FBAX

WSA=WSA-FBAD
GO TO 4300

4230 lF(DKE(KA)+1o0) 14244 2 23p4 22 3

4224 FtAXFAB
4225 lF(AMX(K+1)-FAB)(;

227 r422 6v4226

4226 FBAD=09
GO TO 4250

4427 FBAX(AMX (K+l)
FBAD=FAD-AMX (K+1)
GO TO 4250

4423 FBAO=FAB
4228 IF(AMD(K+1)-FAB)42319

4229 #4229

L.1229 FBAX=09
GO TO 4250

4231 FBADZAMD (K+1)
FBAX=FA3-AMD (K+1)
GO TO 4+250

4600 IF(-WS-WS1)430
2t430e*'43 01

4301 AMMP=-AMMP/WS*WS1
*4302 IF (-WSA-4fS2) 3024' 4303v 4303
4+303 RDtM==RDM/WSAX'WSZ
3024 CONTINUE
C
t FINIS OF ELABORATE LOOK AHEAD*

C CHECK POSSIBLE OPTIONS TO LI,%MIT THE

C MAGNITUDE OF THE FLUXES



5!10OU IF(AMPY) 5504#5603P5501
5b01 IF'%VEL) 5502P556?a5600

IF(AMPY/WS -Z(1410) 5503P5503P5600
5b03 AMPY=0,

GO TO 5600
5504 WS=TAU(I)*0YUJ)

IF(-AMPY/WS - Z(144)) 5503P5503P5600
5600 IF(TDM) 560405700,5601
5601 IF (VEL) 5602P5602#5700
5602 wS=TAU(I)*DY(J+1)

IF(TDNI/WS -Z(143)) 5603t5603t5700
5603 TDM=0,

GO TO 5700
5604 WS=TAU(I)*OY(J)

IF(-T[)M/vJS - Z(143)) 5603,5603,5700
5700 ITF('AMMP) 5704P5800P5701
5701 IF(FS)5702#5702#5800
5702 WSTAU(I+1)*DY(J)

IF(Af4MP/%lS-Z(145)) 5703P5703t5800
5703 AMMPO.*

GO TO 5800
5704 wS=TAU(I)*DY(J)

IF(-AMMPW/WS-Z(14',)) 5703t5703t5800
5800 IF(RDM) 5800,59005801
5801 IF(FS)5802#5802P5900
5802 WS=TAU(I)*DY(J)

IF(ROM/WS-Z(143)) 5803,5803,5900
5803 RDM=0.

GO TO 5900
5804 WS=TAU(I)*OYUJ)

IF(-RDM/WS - Z(i13)) 5803P5803t5900
59,00 CONTINUE
900 IF(AMPY) 901,920920
901 IF(GAMC(J+1)) 903t902P902
903 WS=AMX (L) +GAMC (J+l)
904 IF(WS + AMPY) 905P9200920
905 AMPY =-WS

60 To 920
902 vS=AMX(L)

GO TO 904
920 IF(TDM) 9210933P930
921 41F(DMASL(IJ+1)) 923P922P922
923 wS=AMD(L)+DMASL(J+1)
924 IF(wS+TDtM) 9250930030
925 '(DR=-WS

6O TO 930
922 k-4SzAMD (L)

GO TO 924
930 IF(AMMP) 9313940#940

*931 IF(AMX(K+1) + AMMP) 932#940#940
932 AMMPZ-AMX(K+l)
940 iF(ROM) 9410950954
941 IF(AMD(K+l) + RDM) 94219549954

*942 RDM=-AMD (K+1)
%1154 CONTINUE

74 JTAG0O PH2 2260
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309 IF(AMPY+TDM)8834p3831?8833
8833 IF(JMAX-J)9911,3!3p8835 PH2 3400
8835 KP.-K+IMAX PH2 3410
8836 IF(AMX(KP)+AMD(K:') )9900P8837,318

C RULES FOR TOP FR1- SURFACE WITHIN THE GRID
8837 IF((AM1PY+TDM)/TAU(I)*DY(J))-TOZONE)883,318?318
8838 AMPY=O.0 PH2 3440

LTM:0
GO To 8831. PH2 3450

8834 IF(J-1J9911t325tW339 PH2 3460
8839 IF(AMX(K)+AMD(K))9900#8840r325
C RULLS FOR BOTrTOM FREE SURFACE WITHIN THE GRID
8840 IF((-AMPY-TDM)i(TAU(I)*DY(J+1))-TOZONE)884.,325,325
8841 AMPY=O.0 PH2 3490

TDM=Oe
GO TO 8831 PH2 3500

318 DELM=GAMC (J) +AMMY-AMPY PH2 3510
DELMO=DMASL(J) +B[C;..'-TDM

322 IF(V -L)9901,324pzs'Q3 PH2 3520
323 WS=U(K)**2+V(K)*"-- PH2 3530

ETH=ETH-AMPY* (AIY:K) +WS/a.0) PH2 3540
ETH=ETH-TDM*(AIDU.')+WS/29)

C A TRANSMITTIVE SCIPACE Ar TOP GRID BOUNDARYt
1C CHECK FOR SUFFIC'C-NT MASS TO TRIGGER REZONE.

IF( (AMPY+TDM)/(TVJ(I)*DY(J) )-TOZONE)324,324,6900
CALCLrT THEIo MIP:N U OF TH SE T P6LU E

69P CALCULAT PH2 3560:N U F TH S OP F U E

324 AMUT=AMPY*U(K) PH2 3570
AMVTZAMPY*V(K) PH2 3580
TDXM=TDM*U (K)

TDYMZTDM*V (K)
GO TO 326 PH2 3590

325 CONTINUE PH2 3600
C CALCULATE THE MO; -NTUM OF THESE TOP FLUXES
8831 AMUT:AMPY*U(L) PH2 3610

AMVTZAMPY*V(L) PH2 3620
TDXM=TDM*U(L)
TDYMZTDM*V(L)

C DELM =MASS AT LEVT + BOTTOM - TOP FOR X MATERIAL
DELMZGAMC (J) -AMP (+AMMY PH2 3630

C OELMD =SIMILAR FUNCTION FOR DOT MATERIAL
IiELM-D=DMA$L (J) +BtOM-TDM P234

326 IF(AMPY)27#328#328 P234
327 uELETAIX(L)+(U(L)**2+V(L)**2)/290 PH2 3650

GO TO 333 PH2 3660
328 IF(AMMY)39330'330 PH2 36:' 0
329 uELF-T=DELEB PH2 3680

GO TO 333 PH2 3690
30 lF(GAMC(.J))331,332,332 PH2 3700
631 OELETSiGC(J) PH2 3710

6O TO 333 IPH2 3720
C NOW WE HAVE SPECIFIC ENERGY CARRIED BY

C THE X FLUX.
332 uLLtTAIX(K)+(U(K)**2+V(K)**2)/2.O PH2 3730
333 IF(Tut4)8310#881118811

8810 TEZAID(L)+(U(L)* 2+V(L)**2)/2.
GO To 8817
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8811 IF(BDM)8812#8813,3813
3812 TDTE=8DTE

GO TO 8817
PI'.l3 IF(DfMASL(J))8814t3315p8815
v 314 TDTE=DENRG(J)

- GO TO 8817
C NOW WE HAVE SPECIFIC ENERGY CARRIED BY
C THE DOT FLUX

1~15 TDTE-AID(K)+(U(K)'.2+V(K)**2)/2.
SU1M UP EACH COMPONENT OF MOMENTUM

C FOR EACH MATERIALt EXCEPT THE RIGHT FLUX
C AND MOMENTA OF CELL1 IN QUESTION.
8817 SIGMU=FLEFT (J) +AM; :U-AMUT

SIGMUD=DXML U) +BD,"M-TDXM
bIGMV=YAMC U) +AMMV-'AMVT PH2 3750
SIGMVD=DYML (J) +BD'.**4-TDYM

C SUM UP THE CHANGE IN ENERGY (BOTH X
C AND .) FOR THE CEIlL IN QUESTION EXCEPT
C FOR ENERGY AT THE R~IGHT AND ENERGY OF THE
C CELL IN QUESTION.

DEL-EKGAMC(J) *sIG(: U) +AMMY*DELEB-AMPY*DELET PH2 3760
(A;.LEDDMASLJ) *DE: 16G(J) +BDM*BOTE

1- TDM*TDTE
509 IF (AMMP+RDM) 8843'*l8t8844

8844 IF(IMAX-I)9911t51 't8845 PH2 3780
8845 IF(AMX(K+1,I*AMD(K'IJ)99O,8846,5l8
C RULES FOR FREE SU. a:ACE AT THE RIGHT WITHIN
C THE GRID.
8a46 IF((AMMIP+RDM)/(TP':(I)*DY(J))-TOZONE)8847,518,5l8
8847 ,AMmP=0 , 0 PH2 3810

RDM=Ot
GO TO 518 PH2 3820

3843 IF(1-1)991lt5l2t8^48 PH2 3830
8848 IF(AMX(K)+AMD(K))' 90'p8849p512

C RULLS FOR FREE SU. ;7ACE AT THE LEFT WITHIN
C THE GRID.
8049 IF((AMMP-RDM)/(T,'.(I+1)*DY(J))-TOZONE)8850,5l2e512
8850 AMMPO.O0 PH2 3860

ROM=0O#
GO To 518 PH2 3870

C NOW UELM =CHANGE IN X MASS FOR CELL K
512 DELM=DELM-AMMP+AN1X (K) PH2 3880

C NOw DELMO = CHANGEi IN *MASS FOR CELL K
UELMD:DELMD-RDM+Al'D (K)

513 CONTINUE PH2 3890
514 CONTINUE PH2 3900

C CALCULATE THE M~OMENTUM OF THE RIGHT FLUXES
8828 AtMUR=AMMP*U(K+1) PH2 3910

RDXM=RDM*U (K+1)
At-VR=AMMP*V (K+1) P112 3920
ROY MRDM*V (141)
GO TO 525 PH2 3930

C NOW DELM =CHANGE IN X MASS FOR CELL K
518 DELMZDELM-AMMP+AMX (K) PH2 3940

'C NOw OELMD =CHANGE IN *MASS FOR CELL K
iELM0=DELMD-RD;M+AMD (K)

521 C)NTINUE PH2 3950
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522 IF(FS)9905#524r523 PH2 3960
523 WS=U(K)**2+V (K) **2 PH2 3970

ETHETH-AMMP*(AIX,(K)+WS/2,0) PH2 3980
ETH=ETH-RDM* (AID (;') +WS/2. 0)

C A TRANSMITTIVE SURFACE AT RIGHT GRID BOUNDARYP
i CHECK FOR SUFFICIENT MASS TO TRIGGER REZONE.

IF((AMMP+RDM)/(TAU(I)*DY(J) )-TOZONE)524,t524p6901
6901 REZ=I.0 PH2 4000
524 AMURZAMMP*U (K) PH2 4010

RDXMZRDM*U (K)
AMVRZAMMP*V(K) PH2 4020
RDYM=RDM*V(K)

C NOW SUM THE NET MOMENTA CHANGES
C BY THESE FLUXES

-C
525 SIGMU=SIGMU-AMUR PH2 4030

SIGMUD=SIGMUD-RDX!M
SI GMV=SI GMV-AMVR PH2 4040
SIGN VD=SIGMVD-RDYM

526 TICO.*0 PH2 4050
527 IF(AMMP)528p529#529 PH2 4060
528 DELER=AIX(K+1) +(U(K+1)**2+V (K+1) **2)/2.0 PH2 4070

GO TO 537 PH2 4080
:529 IF(AMMY)530,53lp531 PH2 4090
530 DELER=DELEB PH2 4100

GO TO 536 PH2 4110
531 IF(GAMC(J))532,533t533 PH2 4120
532 DELER=SIGC(J) PH2 4130

GO TO 536 PH2 4140
533 IF(AMPY)535p535p534 PH2 4150
534 DELER=DELET PH2 4160

GO TO 536 PH2 4170
C NOW WE HAVE THE SPECIFIC ENERGY FOR FLUX
C AT THE RIGHT FOR X MATERIAL

535 DELER=AIX(K)+(U(K)**2+V(K)**2)/2.0 PH2 4180
536 TIC=1#0 PH2 4190

C NOW WE HAVE TOTAL CHANGE IN ENERGY BY
C THE 4 FLUXES FOR X MATERIAL

537 DELEKDELEK-AMM~P DELER PH2 4200
999 IF(RDM)700,701,701
700 ROTEZAID(K+1)+(U(K+1)**2+V(K+1)**2)/2.

71GO TO 7110
71IF(BDM)702#703t703

702 RDTE=BDTE
GO TO 710

703 IF(DM4ASL(J))704?705t705
704 ROTE=DENRG(J)

GO TO 710*
705 IF(TDM)706,706,707
707 RDTE=TDTE

GO TO 710
C NOWP THE SPECIFIC ENERGY FOR THE FLUX
C AT THE RIGHT FOR DOT MATERIAL-

706 RDTE=(U(K)**2+V(K)*kLZ)/2.+AID(K)
-C NOW WE HAVE TOTAL CHANGE IN ENERGY

C BY THE 4 FLUXES FOR DOT MATERIAL*
710 oELED=OELED-RDM*RDTE
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539 WS:(U(K)**2+V(K)**2)/290
IF(DELM)998p7l2t712

998 IF(AMX(K)*1.E-6+OELM)9906,997,997
997 DELM=0*
7t2 IF(0ELMD)7l3p7l4t7l4
713 IF(AMD(K)*1.E-6+OELMD)9906,7l5,7l5
715 DELMD=0.
714I CONTINUE
540 ENKZAMX(K)*(WS+AIX(K) )+DELEK

DENK=AMD(K)*EWS+AID(K) )+DELED
WSA=DELM+DELMD
IF(WSA)543t543t54l

C
C CONSERVE MOMENTUM' TO CALCULATE THE
C RADIAL VELOCITY COMAPONENT
C

541 U(K)=(SIGMU+SIGMUI)+(AMX(K)+AMD(K) )*U(K) )/WSA
IF(ABS(U(K)) -Z(14~6)) 995109951#601

9951 ETHI=ETHI+(DELM+DELMD)/2.*(U(K)**2)
U(K)0.e

C
C CONSERVE MOMENTUM4 TO CALCULATE THE
C AXIAL VELOCITY CC!4PONENTO
:C

601 V(K)=(SIGMV+SIGM\'D+(AMX(K)+AMD(K))*V(K))/WSA
* IF(ABS(V(K))'Z(Ilr))) 9952p9952p9953

9952 ETHI=ETH1+(DELM+DLMD)/2o*(V(K)C*2)
V(K)0O.

C CHECK FOR ADVANCT'IG ACTIVE GRID COUNTER
C IN THE RADIAL DIRF:CTIONo
9953 IF(I-I1)603#6604PG604
6604 IF(U(K))6605v6606,6605 PH2 4330
6605 NRC:1 PH2 4340
6606 IF(V(K))6607#6608f6607 PH2 4350
6607 NRC~l PH-2 4360
6608 IF(AIX(K)+AID(K) )66Q9p6610p66G9
6609 NRCIl PH2 43806610 CONTINUE PH2 4390
603 WS=U(K)**2+V(K)**2 PH2 4400
5412 CONTINUE

IF(DELM+DELMD) 543p543,750
750 IF(DELM)751,751,752
751 AID(K)=DENK/DELMD-WS/2s

UKE (K) =-1.
GO To 543

752 IF(DELMD)753#753t754
753 AIX(K)=ENK/DELM-WS/2*

DKE(K)=-2i
GO TO 543

754 CONTINUE
C

**C THE NEW INTERNAL ENERGY IS THE TOTAL
C LESS THE KINETIC
C

OQ=ENK+DENK-o5*WS* (DELM+DELMD)
vS= ENK 1-DENK

C
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C CALCULATE THE NEW SPECIFIC INTERNAL ENERGIES
C FOR EACH MATERIAL
IC

AIX (K) :ENK/OELM/WS*DQ
AID (K) DENK/DELMD/WS*DQ
DKE(K)1.

543 AMX(K)=DLM PH2 4420
AMD(K)=DELMD
IF(AMX(K)+AMD(K) )9900p2007p725

2007 AIX(K)=0.
AID(K)0.o
DKE(K)=0o
U(K)=0.
V(K)=Os
P(K)=0.

*6 GTO0544
725 IF(AtlX(.:)9900,7l6p7l7
716 AIX(K)=0o

DKE (K)=-1.
GO To 544

717 IF(AMD(K) )9900#718#719
718 AID(K)zoo

DKE(K)=-2*
GO To 544

719 CONTINUE

.c SET THE LEFT QUAN~TITIES WITH THOSE FROM THE
c RIGHT FOR THE NEX"T COLUMN SWEEP*

544 GAMC(J)=AMMP PH2 4480
FLEFT(J)=AMUR PH2 4490
YAMC(J)=AMVR PH2 4500
SIGC (J)=DELER PH2 4510
DMASL(J)=RDM
DXML(J)=RDXM
DYML (J)=RDYM
DENRG(J) =RDTE

C
C SET THE BOTTOM QUANTITIES WITH THOSE
C FROM THE TOP FOR~ THE NEXT CELL ABOVE
C

545 AMMY=AMPY PH2 4520
AMMU=AMUT PH2 4530
AMMV=AMVT PH2 4540
DELEBDELET PH2 4550
BDM=TDM
6DXM=TDXM
BDYM=TDYM*
BDTE=TDTE

546 K=K+IMAX PH2 4560
LL=K-IMAX PH2 4570

C CHECK FOR ADVANCING THE ACTIVE GRID IN THE
*C AXIAL DIRECTION.

IF(U(LL) )6500v6600t6500 PH2 4580
6500 NRTIl PH2 4590
6600 IF(V(LL) )660lt6602t6601 PH2 4600
6601 NRT1l PH2 4610
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6602 IF(AIX(LL)+AID(LL.))6611.547,r611
6611 NRT~l PH2 4630
547 CONTINUE PH2 4640

K C ADVANCE ACTIVE GRID COUNTERS
11=11+NRC PH2 4650
12=I2+NRT PH2 4660
IF(IMAX-Il)6700,6701#6702 PH2 4670

6700 1=IMAX PH2 4680
6701 CONTINUE PH2 4690
6702 IF(JMAX-I2)6800p6801p6802 PH2 4700
6800 I2=JMAX PH2 4710
6801 CONTINUE PH2 4720
6802 GO To 548 PH2 4730
9901 NK=300 PH2 4740

GO To 9999 PH2 4750
9900 NK:302 PH2 4760

993Go To 9999 PH2 4770
993NK=305 PH2 4780

GO To 9999 PH2 4790
9904 NK=506 PH2 4800

Go To 9999 PH2 4810
9905 NK=500 PH2 4820

GO To 9999 PH2 4830
9906 NK=998
C AND STATEMENT NO* 713 ALSO

GO To 9999 PH2 4850
9911 NK~a833 PH2 4860

GO To 9999 PH2 4870
9908 NK= 17 PH2 4880

GO TO 9999 PH2 4890
9909 NK= 22 PH2 4900

GO TO 9999 PH2 4910
9910 NK= 47 PH2 4920

GO To 999.9 PH2 4930
9907 NK=538 PH2 4940
9999 NR=4 PH2 4950

WRiTE(6,9939)IJ?KLNIl,12,NKPNR
WRITE(6t9938)AMPYPAMUTAMVTPDELETPAMMPAMURAMVRtDELER
wRITE(6,9938)AMMYPAMMUAMMVDELEBPGAMC(J)tFLEFT(J)PYAMC(J)PSIGC(J)
WRITE (6t9938) TDM'TDXm, TDYMP TOTEe ROM PRDXM PRDYM vROTE
WiRITE(6t9938) BOM4 BDXMtBDYMP BDTEPOMASL(J) tDXML(J) ,OYML(%J) ,OENRG(J)
ViRITE(6t9939) NXpND
WRITE(6,9938) OELt4POELMO' SIGMUSIGMUOSIGMVSIGMVDOELEKDELEO
WRITE(6t9938)AMX(K) ,AIX(K) #U(K) ,V(K) uAMO(K) 'AIO(K) PP(K)
WRITE(6,9938)AMX(L)tAIX(L),U(L)'V(L),AMD(L'bAID(L)tP(L)

9939 FORMAT(9I6)
9938 FORMAT(1P8E12*5)

CALL. DUMP' *PH2 4960
548 SUM=00o PH2 4970

2005 DO 2001 I11,I1 ?H2 4980
K=1+1 PH2 4990
DO0 2013 J=1v12

WS=TAU(I)*OY(J)
IF(AMX(K))5952#5952r595O

C OPTION FOR REMOVING LOW DENSITY X MASS
5950 IF(AMX(K)/wS-Z(107) )595lt595lp5952
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5951 WSA=(U(K)**2+V(K)**2)/2*
ZC 100 )=Z (100) +AMX (K)

* WSAZ:AMX(K)*(AIX(K)+WIsA)
SUM=SUM+WSA
Z(101)=z(l01)-WSA

* AMX(K)0.o
AIX(K)=0o

5952 IF(AMD(K))5960#55960#5
963

C OPTION FOR REMOVING LOW DENSITY *MASS

5963 IF(AMD(K)/WS-Z(1QS) )5962,5962p5960
5962 WSA=(U(K)**2+V(K}**2)/2*

Z(j00)=Z(100)+AM0(K)
WSA=AMD (K) *(AID(K)+WSA)
SUM=SUM+WSA
C)Z(101~o)-WSA

AMDCK)0.o
AID(K)09

5960 IF(AMD(K)+AMX(K))5396i#5
961p2OOB

VCK)=0.
P(K)z0.
DKE(K)=09
6O To 2013

C OPTION FOR REMOVING SMALL (OR NEGATIVE)

C INTERNAL ENERGIES FOR MATERIAL MX
2008 IF(AIX(K) -Z(145)) 2000,2011F2011
2004 SUM=SUM+AIX(K)*A .-%(K) 

PH2 5170

Al XC ) ~0 . ii-i 5180

C OPTION FOR REMOVT;JG SMALL (OR NEGATIVE)

C INTERNAL ENERGIES FOR MATERIAL (DOT)

2011 IFCAID(K)-Z(145))2012?
20OOP2 000

2012 SUM=SUM+AID(K)*A:.D(K)
AID(K)=0.

2000 IF(AMX(K)+AMD(K) )!fL'.00440OO4
1+01

4401 IF(AMX(K) )4L+02r41P12,4403
4LIJ02 DKE(K)=-1.

GO TO 2013
4403 IF(AMD(K))2009t2CO9D2

0 O
2009 DKE(K)=-2,

Go To 2013
2010 DKECK)=1.

GO TO 2013
4400 DKE(K)=0.
2013 K=K+IMAX
2001 CONTINUE 

P112 5200

ETH=ETH-SUM-ETH1
Z(1014)=Z(104)+SUMl 

P112 5220~

C CHECK IF REZONE FLAG HAS BEEN SET BY PH2

8ooIF(REZ)8001#80108 BO 2

C CHECK IF YOU WANT TO CALL REZONE
8002 1F(REZFCT)8004?8

00'4r8 003

8004 REZ=09
GO TO 8001

18003 CALL REZONE
8001 RETURN 

*PH2 5260

END

C



c -- - - - - - - -- -- -

C SUBROUTINE ES

C
200 1F(A1MX(K))990I?201P2O2

C DOT MATERIAL ONLY
201 fEL=-1.

F WS3=14.
WSA::1o

210 WSIZAMD(K)
WS2=AID(K)
JJ116
Do 701 I11#10
PR(II)=Z(JJ)
JJ=jj+2

701 CONTINUE
*GO TO 10

22 &F(AMD(K))9901,203?204
c X MATERIAL ONLY

203 BEL=-I,
WSAZ1.

L WS3Z-16f 211 CONTINUE
wSL=AMX(CK)
WS2ZAIX(K
HERE SET Z BLOCK DATA FOR WX MATERIAL TO PR BLOCK

%J._115
00 700 I11,10
PR(II)=Z(JJ)
JJJJ+2

700 CONTINUE
GO To 10

C MIXED CELL
C Z(115)=RHONOT FOR X
C Z(116)=RHONOT FOR (.)
Z014 EPSI:.5

WSA=EPSI
WS3::.1.
BEL=I*
NN=0
GO TO 211

10 CONTINUE
RHO W=WS1/CTAU( I) *DY(J))
RHOW=RHOW/WSA
ETA=RHOW/PR (1)
VOW=1. 0/ETA

11 Pl=4S2*RHOW*PR(2)
12 P2=vJS2

P3=ETA*ETA*PR (3)
1~4 P4=PR(4)/(P2/P3+1*)*WS2*RHOW
15 P5=PR(5)*(ETA-19)
16 IF(ETA-1.)501100,100
50 IF(VOW-PR(6))55#55#75
55 IF(wS2-PR(7))100#100r75
75 P7=PR(8)*(VOW-1*)

IF(P7-88o)4002#4002#4003
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4o03 P7=838.0
4002 CONTINUE

P8:EXP(P7)
P9:1 ./P8
PlO=PR(9)*((VOW-I.)**2)
IF(P10-88.)400014000,00I1

4oOl P10=8#
4000 CONTINUE

PIJ.EXP CPlo)
P12=1./Pll
WSC=Pl+(P14+P5*P 9 ),*:Pl2
GO TO 120

100 P6=PRdI0)*((ETA-Ie)**2)
WSCPl+P4+P5+P6

120 CONTINUE
12.9 IF(WSC)999t999tSO
999 WSC0.,

WSVX=.5
500 IF(iEL)50lv502F5O-!

C CELL IS NOT MIXED
501 P(K)=WSC

Go To 600
502 IF(4~S3)503p509,SO9

WSA=1*-WSA
P(K)ZWSC
EPSI=4.-WSA
GO TO 210

C Ni = MAX, NOc OF CYCLES FOR ITERATION
509 IF(N1-NN)420#13tlS3

13 NN=NN+l
IF(P(K))5l0,5l095h1

510 P(K)=0.
GO TO 400

511 WSABS(P(KfrWSC)
IF(WS1/ABS(P(K))-'.05)42OD

42O'4lO

410 IF(P(K)-WSC)40OFLP20p40l
420 P(K)=(P(K)+WSC)/2o

OKE(K)=EPSI
GO TO 600

C FEF = EPSILON TO INCREASE OR DECREASE PARTIAL
C VOLUMES FOR THE ITERATION

4&01 EPS1=EPSI+FEF
IF(EPSI-o99)7l0t7 l0 t7 l1

711 EPSI=999
710 WSA:EPSI

WS3=-1.
* GO To 211*

4~00 EPSI=EPSI-FEF
IF(EPSI- .01)712#712P 7 13

712 EPSI.01l
713 WSA=EPSI

WS3=-1.
GO*T0 211

-9901 NK=200
NR9999

CALL PUMP
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600 WSGX=o5
RETURN
END

C

- a --------------------------- - ----

SUBROUTINE EDIT EDITO050
C EDIT1010
C E D I T EDITI130

100 IF(SW!TCH)102,104 102 EDIT1140
102 CALL SSWTCH(4,KOOOFX) EDITI150

GO TO(122p0I4)rKO00FX EDIT1160
C FIRST CYCLE OF THE RUN (SENSE LIGHT 3 ON) EDIT117O

104 CALL SLITET(3,KOOOFX) EDIT1180
GO TO(106108) pK00FX EDIT1190

106 CALL SLITE (3) EDIT1200
GO TO 126 EDIT1210

108 IF(CYCLE-CSTOP)llly22#122 EDIT1220
110 IF(REZ)9901pl12t1;!4 EDIT1230
112 IF(AMOD(CYCLEDUMIT7))114P124,ll4 EDIT1240
114 IF(AMOD(CYCLEPRI"ITL))116t126P116 EDIT1250
116 IF(SWITCH)118,120,118 EDIT1260
118 CALL SSWTCH(5#KOO;'FX) EDIT1270

GO TO(128,120)','OOFX EDIT1280
120 IF(AMOD(CYCLEPPRI:ITS))140,1281l40 EDIT1290

C NORMAL OR FORCED STOP ON THIS CYCLE EDIT1300
122 CALL SLITE (1) EDIT1310

C EXECUTE WTAPE - DUMP VARIABLES ONTO TAPE*7 EDITX320
124 GO To 1 EDIT1330

C SET SENSE LIGHT TO INDICATE TAKING OF LONG PRINT EDIT134O
126 CALL SLITE (4) EDIT1350

C EXECUTE SP - WRITE THE SHORT PRINT INFORMATION EDIT1360
128 GO TO 6000 EDIT1370

C EXECUTE PLOT - PLOT THE FILLED CELL DISTRIBUTION EDIT1380
130 GO TO 1000 EDIT1410
132 CALL SLITET(4,KOOOFX) EDIT 1420

GO TO(134p136),KO0OFX EDIT1430
C EXECUTE LP - WRITE THE LONG PRINT INFORMATION EDIT1440

134 GO To 5000 EDIT1450
C TEST FOR AN ENERGY CHECK VIOLATION EDIT1460

136 IF(ABS(ECK)-DMIN)I4O,140,9905 EDIT1470
140 CALL SLITET(1,KOUOFX) EDIT1480

GO TO(142r144),KO0OFX EDIT1490
142 REWIND N7

CALL SLITE (1) EDIT1510
144 GO TO 10000 EDIT1520

C EDIT1530
c EDIT1540
C*4- SUbROUTINE wTAPE * * ** ** i** 4 *EDIT1550

1 IF(DUMPT7)30,3r3 EDIT1580
3 BACKSPACE N7

1 S=555.0 EDIT1620
tvRITE(N7)WS)CYCLEN3
WRITE(N7)(Z(L)tL=l1MZ)

6 .RIT(EN7)U()V(l)#AMDI)tAMX(I)#AID(I)#AIX(I),
61:?(:,; GKE(I)Il=IKMAXA)



7 WRITW(N7) (X(K) ,TAUJ(K) PK~l IMAX)
WRITE(N7) (Y(K)CK=1#JMAX) EI18
WtS666*0EDT18
WRITE.(N7)WSvWSpWS
WRITE (6t8120)NC EDIT 1800

30 GO TO 126 EDIT 1810
C**** END OfF WTAPE SUBROUTINE******************~**E)IT12
C EDIT1830
C EC)IT1840

C*** SUBROUT INE S P*C*************************DT80
c SIZE OF TABLE EDIT1860

6000 NK12 EDIT1870
TAB(1)=0902 EDIT1880
TAB(2)=0O0 EDIT1890
TAB(3)=0906 EDIT1900
TAB(Lf)0.08 EDIT1910
TAB(5)=0910 EDIT1920
TAB(6)=0915 EDIT1930
TAB(7)=0.20 EDIT1940
TAB(8)0.e25 EDIT1950
TAB(9)=0930 EDIT1960
TAB(10)0L EDIT1970
TAB(11)=095 EDIT1980
TAB(12)=1.0 ED.1T1990

6010 DO 6012 I=1#18 EDIT2000
6012 PR(I)=090 EDIT2010

NK1=NK+2 EDIT2020
DO 6014 I=IPNK1 EDIXT2030

C TEMPORARY USE PAR IICLE STORAGE FOR EDITING
AM(I)=0.
XL(1)0.*
YL ( I)=0.
AMK(I)=09O EDiTr2o4o
PK(I)0O.Q EDIT2050

6o14 QK(I)0.0O EDIT2060
00D 6028 K=2iKMAX EDIT2070
WSB=(U(K)**2+V(K) "*2)/29O EDIT2080

6015 IP(Ar4D(K))99l7p6019p60l7  EDIT2090
6017 PR(1.)=AMD(K)*AID(0(+PR(1).

PR (2)=AMO (K) *WSB+ PR (2)
6018 PR(4)=AMD(K)+PR(4) EDIT2120
6019 IF(AMX(K)+AMD(K))99l7p6028t6020 EDIT2130
6020 I=NK1 EOIT2140

IF(V(K) )6026#6026,6022 EDIT2150
6022 WSA=ABS(U(K))/V(K) EDIT2160

DO 6024 I1eNK EDIT2170
IF(TAB(I)-WSA)6024p6o26#6026 EDIT2180

6024 CONTINUE EDIT2190
I=NK+l EDIT2200

6026 iS=A 1X! ') ED IT22 10

.16027 AMKil)=AMK(I)+AMX(K)+AMD(K) EDIT2220
XL(I)=XL(I)+V(K)*AMDCK)

* YL(I)=YL(I)+V(K)*AMD(K)
PK(I)=PK()+U(K)*AMX(K) EDIT2230
GK(I)=QK(I)+V(K)*AMX(K) EDI T22L10
PR(5)=PR(5)+AIX(K)*AMX(K) ED I T2250
PR()=PR(6)+WSB*AMX(K) ED I T2260



1 15

PR(8)=PR(8)+At4X(K) EDIT2R70
6o28 CONTINUE EDIT2280

PR(3):PR(1)+PR(2) EDIT2290
PR(7)=PR(5)+PR(6) EDIT2300
X'IRG=PR (7) EDIT2310
..R(9)=PR(1)+PR(5) EDIT2320
f'R(10)=PR(2)+PR(6) EDIT2330
PR(11)=PR(3)+PR(7) EDIT2340
PRa)=PR(4)+PR(8) EDIT2350
IF(tJH)7002#7O02t7003

7002 AS=O
(.,O TO 7000

7003 CONTINUE
wSAZ (ETH-PR(Il))/ETH EDIT2360
IF (A;PC) 7000t7000 i700l

7UO0 NPC:1
7001 PR(16)=(WSA-DNN)/FLOAT(NPC)

LCKPR18) iEDM a380
CN1z4'4SA EDIT2390
NPC=O EDIT 2 400

c *** FOR PELLET P'F-OBLEMS ONLY ***EDIT2M10

SUMi)=O.
SUMX=0.
00 800 Iz1,13 ED IT24I30
SUMX=SUMX+GK (I)
SUMbj=SUMO+YL (I)

8 00 CONTINUE EOIT24f50
C RADET=POSITIVE AX'IAL MOMENTUM OF X
C VABOVE=POSITIVE A'XIAL MOMENTUM OF.

RADE.T=SUMX
VABOWc:ZSUMD,

801 SUu0 EDIT2470
SUMW=0.
DO o c0 K=2pKMAX
IF(A:AX(K) )610?810?802 EDIT2490

802 IF(u(K))810,810tk^03 EUIT2500
803 SUM= $UM+AMX(K)*UtK) EDIT2510
810 IF(AM4D(K))820p820t821
821 IF(U(K))820p820r323
823 SUMZJZSUMD+AMD (K)*U (K)
620 CONTiNUE

RADER=SUM EDIT2530
V8LO=SUMD,
PR(19)=0e0 ED 1T2540
DO ou ?9 '4=ltNK ED IT2550

6029 PR(I1.9) =PR(I+18)+AMK(I) EDIT2560
PR((v&+2O)0.0u EDIT2570
PR(N&+21)7,0.O EDIT2580
JJL= (147)
SUMX=O.
SUMDO.0

*; 6o1~1 I=IPIMAX
K1I+l
uO (313 ti1,riJ

s4IFi '.flK8168687

817 SU, 3 UI. X+U (K) *AMX (K)
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816 IF(AMD(K))813,813;818
818 IF(U(K))813?813#319
819 S',' *.0:SU,'.+U (K) *AV )(K)
813 K(Th(JIMAX
811 CONTINUE

PBLOZSUMX
PABOVE=SUMD
ARITE (%6,81b)PRC'gNCTDTNATRADDTRADNRi11 ,N2,N3N4 EDIT2590

?RITE (6#8118)(PR(I)pI=9i12) EDIT2610
'i1RITE (6,8119) RADg3,RADERPRADET, UVMAXD(ETHDECK EDIT2620
WRITh (6,8203) RADET ,VABO VEPRADER' VBLOi PBLOt PABOVE
iWRITE (6#9040)Nl0iNl1 EDIT2630
wRITE (6,8l24)(I,.'.'K(I)PR(I+19)PK(I),K(I),11,tNK1) EDIT2640

6090 GO To 130 EDIT2650
C**** END OF S P SUBS OUTINE*********************EI66
C EDI1T267 0

C**** SUbRvUTINE PLOT ~E128
1000 GO To 1030 EI20
1030 ,RITL (6,8116)PRO tC~DNtTAFTAi~tlNp~N EDIT2710

JMAX JMAX E&22
WRITE (6,8307)DX(1 )DY()XMAXY1,Y2Y(JMAX) E122
Ni1 EDIT 2740
IF(JAAX-52)1034?11036,1036 ED 1T2750

1034 M=IABS(51-JMAX)/2 EDIT2760
1036 DO 1040 I~ltM ED 1T2770

WRITE (6#8308) ED1T2780
1040 CONTINUE EDIT2790
1044 J=12
1100 K=(J-1)*IMAX+1 EDIT2810
1105 00 1180 I11tl1

K=K+1 EDIT2830
1126 PR(I)=PLOT(1)
C TEST FOR DOT PA-TICLE EDIT2860
1148 lF(AWD(K))9917,11T0,1152 EDIT2870

C TEST FOR X PARTICLE EDIT2880
1150 IF(AMX(K))9917,113'6#1160 EDi1T2890

C TEST FOR MIXED CELL EDIT2900
115a IF(AIX(t.))99l7,1162,1164 EDIT2910

C X PARTICLE ONLY EDIT 2920
1160 PR(I)PLZ T(2)

GO To 1180 LUIT2950
C DOT PARTICLE ONLY EDIT2960
11t62 PRI)PLOT(3)

0O To 1180 EDIT 2990
C rwI.XED CELL EDI r 3000
1164 PR(I)=PLOT(4)

(.7 TO 116~0 EL, .1030

-8.~0 CONT114UE EDIT3060
*1200 iF(;.(,(Jp5))1210p1204p12!O EDIT3070
120%~ IF(D'iJ)-DY('J1))120o:12'JSu1206 EDIT3080

vO TO 1224 EI30

'. 3 Ti 1224 EUIT3120
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1210 1F(DY(J)-DY(J-1))212#1214,12l2 EDIT3130

G eO TO t.224 EDIT3150

1224 j=J-j EDIT3170
1226 1F(J)1230,12301100 EDIT3180
1230 PR(1)=PLOT(5)

wRITE(6,8201)J, (P7-(1)pI11v U)
wRITE (6v8302) (I,1=0rIMAXt5) EDIT3220

la40 GO To 132 EDIT3290
EN** L~D OF PLOT SUEX, 'OUT [NE *********************D130

C EDIT3310
C EI32
C***'- SU13ROUTINE L P *EDIT3320
5000 VRITE (6,8116)PROC,'NCPTDTNATRADDTRADtNRN1,N2,N3,N4 EDIT3340
5004 DO 5050 I=lpl1

CALL SLITE (4) EDIT3360
J2+1
K=12 * IMA X+ I+1
DO 5046 L~lkI2
J=J-1 EDIT3400
K=K-IMAX EDIT3410

502IF(AMX(K)+AMD(K)) 917r5046#5O14 EDIT3420
5014 CALL S!L"ITET(4pKOO2F'.-X) EDIT3430

GO TO(50l6v50l9)'p OOOFX
5016 hRITE (6r8i35)ItXU),0DX(I) EDIT3450
5019 IF(AMX(K))5030v50'0#5031
5030 NSb=AMD(K)/(TAU(I>-'DY(J))

%Sb=WS/Z (116)
NSA=09
GO TO 5034

5031 IF(AMD(K))5032o50 ap5033
5032 4SAAMX(K)/(TAU(f.:QY(J))

SA=WSA/Z( 115)
fiSB=0
GO TO 5034

5033 wSA=(A.X(K)+-AMD(K' )/(TAU(I)*DY(J))
WSB=-. 11111

5034 wSC=P(K)*1.E+4
C FIRST COLUMN J
C SECOND COLUMN RAOiAL VELOCITY CMs/SH-
C T'hIRD COLUMN AXIAi. VELOCITY CM./SH.
C FOURTH CZOLUMN PR,-1;.'SURE IN MEGABARS
C FIFTH COLUMN DKE(STATUS OF MIXED CELL)
C SIXTH COLUMN MASS (OF X MATERIAL) IN GRAMS,
C SEVE1NTH COLUMN SK-CIFIC INTERNAL ENERGY FOR (X IN JERKS/GR
C Elohf COLUMN MASS (OF , MATERIAL) IN GRAMS*
C NINTHl COLUMN SPEC tFIC INTERNAL ENERGY FOR (s) IN JERKS/GRe
C TENTH COLUMN DENSITY IN G/CC.
C ELEVENTH COLUMN .SB
C TWELFTH COLUMN Y (J) TOP COORDINATE OF CELL IN CM,
!'i)B ;iRITE t6,8l08)JU(K'*),V(K)pvJSCTHETA(K),AMIX(K),AIX(K)F

lAMu(K) ,AID(K) ,WSArWSbY(J)
111"6 CONTINUE EDIT3460
5050 CONTINUE EDIT3490

0O To 136 EDIT3500
C *, Li [D OF L P SUBROUTINE



r c EDIT3520
C EDIT3530

ERROR EDIT3540O
9901 NK=110 EDIT3550

Go To 9999 EDIT3560
%CENERGY CHECK EDIT3570

9905 NK=136 EDIT3580
GO TO 9999 EDIT3590

C NEGATIVE MASS EDIT3600
9917 NK=6015 EDIT3610

GO To 9999 EDIT3620
9920 NK=90L4 EDIT3630

GO TO 9999 EDIT3640
9921 NK=912 EDIT3650

GO To 9999 EDIT3660
9922 NK=918 EDIT3670

GO TO 9999 EDIT3680
9923 NK=922 EDIT3690

GO TO 9999 EDIT3700
9924 NK=926 EDIT3710
9999 NR=6 EDIT3720

CALL DUMP EDIT3740
,10000 RETURN EDIT3750
*C EDIT3760
C FORMATS EDIT3770
8108 FORMAT(I3tiXplP3.E!0.3)
81160FORMAT(8HlPROBLE: 3XE'#HCYCLE9XU4HTIME13X,2HDT13XLIHTRADllXD5HDTRADlEDlT3790

leX,2HNR6X,2HN14X.o2HN24X,2HN34Xp2HNL4i(F7,lIll,2Xtp4El6,7pIlO,?Xp.EDIT38oo
216)) EDIT3810

81170FOiMAT(1k10//17X2aIAIl6X2HAK14Xp5HAI+AK15X2Hx?4/4H DOT3Xp1P4fE1B07/3EDIT3820
IH X4Xt4LI8.7) EDIT3830

81180FORMAT (l1tX it-------------SX' 13H -------------5X? 1311------------5EDIT3840
1Xt15H ----------- /7H TOTALSIPLI8.7) ED1T3850

8.t190FOinMAT(2H0 //1bXS5HRADEB13X,5HRADER13X,5HRAO)ET12X,7HIMAX VELI13Xp3HTEDIT3860
lHEI2Xp9HREL ERROR/7Xt 1P6E18.7////) EDIT3870

8120 FORMAT(IHO//21H TAPE 7 DUMP ON CYCLE15////) EDIT3880
812L1.FORMAT(3H K12XP5HAM(K)1j.Xr9HSUM AM(K) 11X,1 HP(K) 13XLfHQ(K)/(I31L.X9EDIT3890

104lE18,7)) EDIT3900
8131 FORMAT(1H //!1XH DY(Lj) J1lt12//(l0F12*3)) EDIT3910
8133 FORMAT(1H ///11H Y(J) J=0tI2//(J.0F12.3)) EDIT3920
8135OFORMAT(1H ///4H I =I3p6Xp6HX(I) =F12o3p6Xv7HDX(I) =F12*3//3H J8XvEDIT3930

l1Ht9XDHV9X3HF/A7XP3HOIE7X,3HAMX7Xt3HAIX7X,3HAM4D7X,3HAID7X,4HETAX
2X6Xi'4HETAD6Xt 1HZ!)

8 a01 FORMAT(I10#2H 154IA2) EDIT3950
8202 FORMAT(10Xp2H 154A2) EDIT3960
8203 FORMAT (3Xu 1P6E18#7)
8211. FORMAT(F7.1,I322H 154A2) EDIT3970

* 8222 FORfMAT(F7.1,3Xp2H 154+A2) EDIT3980
8302 FORMAT(I12#1OI10) EDIT3990
83070F0RMAT(bH Xl =lPEl2.,3XpLHX2 =E12o6#3XrGHXMlAX =El2o6y6Xp4HYl =E12EDIT'4000

1.6t3Xv'lHY2 =l12,6r3Xr6HYMAX =E12,6) EDIT4010
3608 FORMAT(H /) EDI1T4020
9040 [OkMAT(1H / b16) EDIT4030

C END EDIT40L40

C ----------------------------------------

C
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SUB3ROUTINE REZONE REZ00010
C

X, NOTEP THIS VERSION ASSUMES THAT WE ARE
4 C ADDING (9) MATERIAL

.C

C **~***A 2 MATERIAL OIL CODE**************
C A 2 MATERIAL REZONE SUBROUTINE
C CONSERVE MiOllENTUM AND TOTAL ENERGY t INCREASE
C ALL LINEAR DIMENSIONS BY 2. (THUS 4~ CELLS
C IN THE OLD GRID ARE COMBINED INTO 1 FOR
C THE NEW GRID.)

NI MA X=IMAX/2 REZ00990
1NJMAX=JMAX/ 2 REZO1000
DO 10 J~ltNJMAX REZO1010
K=(J-1) *NIMAX+2 REZ01020
L=(o-l)*2*IMAX+2 REZ01030
00 11 I11,NIMAX REZ01040
M=L+IMAX REZ01050

12 WS=M()AXMoAXL1+M(+)REZ01060
(SAD=AMD(L)+AMD(::).+AMD(L+1)+AMD(M+1)
IF(WSA+WSAD) 100#1'10,i01

100 AMX(K)QO.
AIX(K)=0.
AMD(K)=0.
AI0(K)09

V(K)zO*
(30 TO 9901

101 CONTINUE
8900 CONTINUE

W5B=( AMX (L) +AMD ( I )* (U (L) **2tV(L) **2)
WSjZiSI3+(AMX(M)+,'"D(M))*(U(M)**2+V(M)**2)
wSB=wSB+(AMX(L+1)..AMD(L+))*(U(L+1)**2+V(L+1)**2)
wS~zWSB+(AMX(M+1)+AMD(M+1))*(U(M+-11)**2+V(M+1)**2)
U(K)U(L)*(AX~(L)~-AMD(L) )+U(M)*(AM~X(M)+AM D(M) )
1+U(L+1)*(AMX(L+1)+AMD(L+i) )+U(M+1)*(AMX(+)+AM.D(M+1))
U(K)=U(K) /(WSA+WVVAD)
V(K)V(L)*(AMX(.)+ AMD(L) )+V(M)*(AMX(M)+AMD(M))
1+V(L+1)*(AMX(L+)+A.I(L+1))+V(M+1)*(AMX(M'+)+AML,(M+1))
V 'K) :V(K) /(WSA+WlAD)
AIX(K)=AIX(L)*At;("%(L)+AIX(M)*At.iX(M)+AIX(L+1)* REZO114O

IAMX (L+1)+Ai.X(14+1) *.AIX(M%+1) REZ01150
AMX(K)=WSA REZ01160
AID(K= AID(L)*'-.4D(L)+ AID(M)*AMD(M%) +

IAID(L+t) *AMD(L+t) + AID(M+1)*AMlD(tM+1)
AMO (K) ZWSAD
WS=U(K) **2+V(K) -% REZOI170
EZAIX(K) + AID(K)+ WSB/2.0
IF(AMD(K)+AMX(K)) 9901P9901P500

500 IF (A;MD(K)) 501#501P502
.C X ONLY
501 AIX(K) E/AMX(K) - .5*WS

* AICD(K 0.
Go To 9901

b02 IF-(AMX(K)) 503r503,504



C DOT ONLY
503 AID(K) = E/AMD(K) **5 WS

DKE (K)=-19
AIX(K) 0.o
GO To 9901
MIXED CELL

504 UQ=E-(AMX(K)+AMD(§'))*WS/2*
vSEAIX(K)+AID(K)
AIX(K)=AIX(K)/AMX"(K)*DQ/WSE
AID(K)=AID(K)/AMD (K) *DQ/WSE
DKE (K)=l1

9901 IF(K-2)I10413
C SET CELL QUANTITIS OF OLD GRID TO ZERO. E01113 AMX(L)0. RZO2I
*AMD(L)=0.EZ12

U(L)0.0O REZ01230V(L)=0.0 REZ01240
AIX(L)=090 RZ1
AID(L)=0. REZ01250
PK(L)U-
AMX (M) =o0 REZ01260
AMX(M)0= EZO27
UM(M)0
V(M)=000 REZ01280AI(M)0 REZ01290
AID(M)=Oo
PI(M)=.0 REZ01300
DK(M)0
AKEMX(+) . REZ01310AMX(L+1)0.-
AU(L+)=.0 REZ01320
V(L+1)=0.0 REZ01330
AI(L+)0.0O REZ01340
AIX(L+1)0.*
AI(L+).Q REZ01350
PK(L+1)0.
AMX(M+1)=O. REZ01360
AMX(M+1)0.*
UM(M+1)=.0 REZ01370V(M1)=000 REZ01380AI(M+1)00 REZ01390
AIO(M+1)=0.
PI(M+1).Oo REZ01400CK(M+1)0

14l K~.K+I REZ01420
L=L+2 REZOI1f2O11. CON4TINUE REZ01440

10 CONTINUEREZ3.0
C CALCULATE NEW DY AND Y (JMAX OF THEM).

1=0
DO 200 j=1,JMAXt2

* 1=1+1
DY(I)=DY(J)+DY(J+l)

200 CO1NTINUE
1 IzNJMAX+1
Jo ?-Ul J11,tJt-AX
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DY(J)=DY(I)
201 CONTINUE

DO 202 JZ,1JMAX
Y(J)DY(J)+WS
WS=Y(J)

202 CONTINUE
CCALCULATE THE NEW DXPS AND TAUPS

1=0
D0 203 JIPIMAXP2
1=1+1
DX(I)=DX(J)+DX(J+l)

203 CONTINUE
II=NIMAX+1
0O 204 JZIIPIMAX
DX(J)=DX(I)

204 CONTINUE
,WS=00A WSA=Oo
DO 205 i11,IMAX
X(I)0DX(I)+WS
WS=X(I)
WSB=X(I)**a
TAU(I)PIDY*(WS3'WSA)
W SA=WSB

205 CONTINUE RZ12
IMAX;NIMAX 

RZI2

JMAX=NJMAX 
REZ01630

C PREPARE NOW TO S'!UFFLE THE K ARRAYS SUCH
C AS TO PRESERVE K::(J.-1)*IMAX+I+lo

DO 20 N1,PJMAX 
REZ01640

J=JMAX+ 1-N REZ01660
K=(J-1) *iIMAX+1+IMAX REZ01670
L=(J-1)*(IMAX+IMAX) +1+IMAX REZ01680
DO 21 IlPIMAX REZ01690

loOO AMX(L)=AMX(K) 
RZX9

DKE(L)=DKE(K)
ArviD(L)=AMD (K) E010
AIX(L)=AIX(K) 

RZ10

AID(L)=AID(K) RZ11
U (L)=U (K) REZO01710
V(L)=V(K) REZ01730
P(L)=P(K) REZ01740
IF(J-1) 1002t1002t.l001 REZ01750

1001 AMX(K()=O*0REO15
AMO (K)0. EZ16
AIX(K)0. 

RZO76

K AID)(K)0.-
O KE(K)=0.EZ17
V(K)=0.0 REZ01780

U(K'=090REZ01790
P(K)0O.0 REZ01800

1002 K=K-1 REZ01810/
L=L-1 RE Z01810/

21 CONTINUE REZ01830
20 'CONTINUE REZ01840

INIAX=NIMAX*2 RZ1 4
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Q.M AX :NJMM X *e E 05

C ADJL ON NEW MASS dVITH OENSITY=Z(111) IN TARGET
uO )U I;IeNMAX

LO oU J=JJJMAX
lkMi(K)=Zi111)*TAU (TscDy(j)

60 KZK+IMAX
50 tLONTINUE

1)0 ol I=II#IiMAX

Li0 ba J=JJPJMAX

62 AK,1+LMAX
61 CONTINUE

C hESt.T ACTIVL GR!J M1ARKERSt

-(147)=JJ

i2zI2/2+2
iNb:T+L)TNA
h.K=NL+l

C LDIT THE Nc~J '3RTO

ViRITL (6p8OO7)j AX,(X(I)#I=0#IMAXl
wRIl% (o #8OUb) v X(Y (J) r J=O rJMAX)
VYRiTt (bp8OO9)I1'AXr(uX(I)#IltIAX)
ViRITr. (61801l6)JflAX{uY(J)pJ1,JMAX)
vR ITc. (b,80.)ViAX(TAU(1b11,lIMAX)t
,AMXZMAX*JMAX+l
IMAAAzIMAX+l
..MAXAMjMAX+l
KI MAX AI(MA X +
tLTURN

SL,O4OFORMAT(1H ////A2'H PROBLEM REZONED AT T:1PE12.6,6X,5HCYCLEI4,X3HRL.XI9O ;

8007 FORMAT~lt /1UH X(I) 1=0rI2/(5F16.6))
8UO8 FORMAT(1H /10H Y(J) j=0tI2/(5Fl6*6)) RL
8009 F)RMATCIH /11H DX(I) Iit,12/(5F16*6))
8010 FORMAT(lrl /11H L)Y(J) J~lP12/(5FI6.6))
8U11 FORI4AT(1H /ljoH AREA(I) 1I1 pI/(F16.6#4F18.6))

LNL --------------------------------

-- --. - - - -- ~- ------- ---- ------------.---------- - --- -


